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POPULAR SCIENTIFIC WORKS. 

By BICHABD ANTHONY FBOCTOB, B.A. Cantab. 

Honorary Fellow of Kvnc^s CoUeffSy London, 
and Honorary Secretary of the Royal Astronomical Society, 



* Mr. Proctor's works are specially yaln- 
able in two ways : Ffist, being aoUd and ezhaus- 
tire monogntpha on Bacoeasive subjects, they 
tend to breed up a race of practical astronomers, 
on whose increase the science must depend for 
extension. The student who proposes to select 
some particular line of obeenration, lias at once 
in any treatise Mr. Pbogtor msy have published 
on this sn^'ect both a full and clear explanation 
of the mathematical groiwd to be gone over, and 



a risnmi of all that has been done and 

known as to the physical part Secondly, 

the simple yet attraotiye style of these head- 
books (rather than handbooks) makes them 
faTourites with those who merely care for in- 
teresting things in general, or the narrower 
class for whom physics are wholesome, but 
whose digestion is not up to the mathematical 
strong meal; and in this manner science per> 
meates downwards.* The Houu. 



The SUN; RULER, LIGHT, FIRE, and LIFE of the PLANETARY 

8T8TEM. Second Edition, rerised ; with 10 Plates (7 coloured) and 106 Figures engraved on 
Wood. Crown $vo. price 14«. 



* Thia Yolume la a model of a poimlar treatise on 
Ajtronomy. Mr. PROCroB i« not onlv oi>e of the 
cievest writer* who have ever expounded thedlKovvrief 
of Ktenoe to the nnaclentiflc world, but is hinuclf an 
oiisrinikl and laborious inveitigator. Ills work i-n the 
Hi'N records all the diaooveries about the centre of our 
■y>iem which the past few yean have produced. It ia 
€«|)eciall7 full on the diacoTeries as to the phyaieal con- 
dition of the Sun which have iKen made by the obaer- 
vation of its total eciipaea. The Illustrations of the 
red prominenoea which atand ont tieyond the black 
ahadow durinir the moment of total eclipM are excced- 
iuir.V beautiful, and convey a more complete conception 
of them than is to be crainea by any other proceaa, except 
thai of actually aeciag them through a powerful 
aatronomical teleaoope. Mr. Pbootob has, in fact, 
embodied and illuatrated all that ia known about the 
8un { and at the aame time haa siven a pleasant liistory 
of all the steps towsrdi theie diaooveries, sad a clear 



indication of the direction In which he thinks farther 
diacuveries will be made. Mr. Pboctob tella na what is 
known and what is only crueaaed, and cnablea ua pretty 
fairly to appreciate the real value of th* {nieaiea The 
Author *a power uf giving a dear atatement of a very 
complicated problem ia perhapa beat illustratad in the 
aection devoted to the question of the Sun'a distance. It 
ia not only the fullest but the dearest popular account 
of the methods and result of his investigation which 
haa ever been pubUahed. The object of the volume la to 
fUmiah a fkill sooount of the remarkable diaooveries 
which have been effected by obwrvers of the Sun, 
whether bj means of the teleaoope, the spectrojoope, 
polariacopie analyais. or pkotQi;raphy. This la aooom- 

Sliahed, not merely by Mr. Puoctob's lettorpreas, but 
y ten lithograpmo plates, of whidi seven are worked 
in co'.oura, and one hundred and aeven drawing* on 
wood. Thia profusion of pictorial illustration makes the 
book very valuable.' Daxlt News. 
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* IMvestcd of both tedmlcality and excessive simplicity. 
there Is conveyed to the reader of this collection or 
cwaya an Immense amount of information . . . .It ia such 
works as these from the pen of Mr. PKOcrrOR that 
silence the cry of e«t 6ono unhappily prevalent. We 
cannot all be acholara in the limited meaning of the 
wonl, Imt we may all be acholara in the adiool of 
Natuuk, learnlns to read what ia preaent to all our 
aeiiaea. It Is thia that Mr. l*ROCTOR doc*— hrinn a 
ttdtuNd i»rain to sift those questions that others have 



not the opportnnlty of even meeting with — a tme 
interpreter, who learns Nature's laiiguace not fbr 
himself alone. Most of these esaava have been before 
the nubile in another Ibnn, bvt there ia not one that 
would pall upon a aecond peruaal t while aome. pub- 
liahed in a ooUege macaxinc, are new to the general 
reader. The aubjccts are so various that he must be hard 
to pleue who does not find suffleient to interest liim in 
the volume.' Jouekal of Soikngk. 
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OTHER WORLDS THAN OURS; the Plurality of Worlds Studied 

under the Light of Beoent Sdenttflo Beeeaiohea. Thiid Edition, verlaed uid enkiged ; with 
14 Uliutrationi. Grown 8to. price 10«. 6d. 

* Probably no tcience daring the leit few yeera hu 
made nich rapid itridei •• aitrooonv. This adTanee to 
mainly owlnffto the diioorery of the ■p ec t r oa o ope, and 
its application to aitronomical purpoiea. That wonderftil 
instrument, more wonderful, perhaps, than the telescope, 
may Ix: appropriately termed a Ught-ti/ltr, and is und 
to analyse the light which comes to us from other orbs 
acroas the ocean of spaoe, so as to set before us their 
general character and structure. The Author of the 

S resent worlc attempts to make use of the startling 
iscoveries effected by the aid of the spectroscope, in order 
to form Juster riews of the struotnro and relations of 
the planetary and stellar iiystems. He again raises the 
question of the plurality of worlds, which a Ibw years ago 
employed the loientiflc and dialectic skill of such men as 
Dr. WHIWELL and Sir David BaHwaTRa, and ages 
before fascinated the early philosophon of ancient 
Greece. Mr. Pbootob considers that science has pxo- 



gres s e d so rairidly of late that the raUeet of lift In other 
worlds has assumed a new aspect since Whbwsll's 
Flurality qf Woridt and BRawsna's ifore Worldi 
ihaaii One were written. Arguments which were hyiio- 
thetical thirty years ago have either bcotmie oertaintie* 
or been disproved. Doubtfhl points have been cleared 
up I a new meaning has been found even in thoae ftcta 
which were well known to both the disimtants ; ancL 
lastly, a new mode of reseandi has been devised, which 
has not only revealed a number of surprising focts. but 
promises to work yet greater nnarvels in the years which 
are to come. Certainly Mr. PaooTOa has teken some 
pains and trouble to expound and illustrate his argumcnta 
and theories ; and his work shews, moreover, much iwtlen t 
research and wide scientific reading. If weare oocanon- 
ally compelled to differ from some of his concluaiou», 
we cannot deny the flict that he has produced a most 
interesting work on a very foarinating subject.* 
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EZAKIHKB. 

The ORBS AROUND US; a Series of Familiar Essays on the Moon 

and Planets, Meteors and Comets, the Sun and Colonred Pairs of Btais. Crown 8to. price 7m. Gd, 
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Herschel. With 10 Phites and 24 Bngravings on Wood. 8to. price 12«. 



* To those who wish to learn some of the great results 
which have been recently achieved in astronomical 
tcience we heartily recommend the volume. Although 
Mr. PaoOToa writes In a popular manner, his sketches 
are evidently based on a oareftil investigation of the 
subjects in their sdentiflc aspect, and are not mere turgid 
on the silent stars and the glorious orbs of 



subjects in 
ad ureases 



heaven. He is an astronomer himself, one of those 
laborious observers following in tlie footsteps of the 
HBttSCHKLS, and not a mere theorist and ooetleal fopa- 
lariser....The papers on the Planets, Meteors, and 
Shooting Stars, the Solar Corona, and the Zodiacal 
Light, are especially valuable, embodying as they do 
the most recent observations and discoveries.' 

ExAxnmt. 



SATURN and Its SYSTEM : containing Discussions of the Motions 

(real and apparent) and Telescopic Appearance of the Planet Satom, its Satellites uid Rings ; 
the Nature of the Bings ; the Great Ineqnali^ of Saturn and Jupiter ; and the HabitabiUt}- of 
Saturn. To which are appended Notes on Cfhaldasan Astronomy, Laplace's Nebular Theory, 
and the HabitabUlty of the Moon ; Annotated Tables ; and Astronomical Yocabohuy. With 
14 Plates. 8yo. price 14s. 



* Mr. FaooTOB'B new theory of the rings indeilnitely 
raises our estimate of the marvellous nature of the 
phenomena they ezhiliit....Mr. PaocroB may fidrbr 
daim the title of the historian of Saturn. All that Is 
known about the planet, and all that can be conjectured 
by a well-trained mathematical mind, is detailed at 
length in this volume.' • SFXOTAToa. 

'A most valuable volume. . . .From It, more than fnm 
almost any other book with which we are acquainted, do 
we get an Idea of the stupendous actual and potential 



energies of our minds, and of the many-sided attackD 
made by them upon things unknown. How many in b 
thousand know as much of our earth as anybody may 
learn about Satnm in a day from the book before us T 
Mr. PaooToa is happy in his subject, and equally 
happy in his treatment of it. The illustrations arc 
second to none we have ever seen, and add greatly to 
the value Of the book, the style of which is really s 
model of a semi-special treatment of asdentiflc subject.' 

EzAXiaxa. 



A NEW STAR ATLAS, for the Library, the School, and the Obser- 
vatory, in IS Oiroulsr Maps (with 2 Index Plates). Intended as a •ompanion to ' Webb's 
Celestial Objects for Common Telescopes.' With an Introduction on the Study of the Stars, 
illnstrated by 9 Diagrams. Crown 8to. price 5«. 

* The small sixe of this excellent Atlas renders it quite 
capable of being carried in the pocket, and makes ft, in 
oonsequence, very handy. The distortion in these maps, 
resulting from the necessity of representing a convex 
surfkce by a flat one, so that ofagocts in the centre are oi 
necessity on a much smaller sdde than those near the 
cireumftrenoe, la reduced to a minimum. The maps 
are twelve in number, and are very clearly and 
admirably engraved t there is a short Introduction, 
which wul help the beginner very considerably t and, 
on the whole, the work is one likely to be useiul both 
to the learner and the sdentiflc astronomer.* 

Educational Tunss. 

* The great difficulty in all celestial atlases is to get 
rid of the distortion consequent on the necessity of 



representing a spherioal surikce upon a flat one. Of 
course, in terrestrial maps the same difllculty exists, 
but in a much less degree, as the spaces on earth are so 
much smaller, in comparison with the amoimt of 
spherical curvature, than those in tlie heavens. In 
many atlases, even in one as good as that published by 
the Usefhl Knowledge Society, the same space in the 
heavens occupies five times as much at the edge as Id 
the centre of the map, and such a disproportion goes a 
long way to make the maps entirely useless. In the 

6 resent Atlas this distortion is immeniicly reduced; 
ut its small and handy sice is its great recommenda- 
tion. The Ixrak is one for the pocket or the observatory, 
and contains in a small compass as much as many 
volumes twice its sixe.* LAif D etttd WATxa. 
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This volume contains two series of essays ; one series 
relating to the Universe, the other to the approaching 
transits of Venus. 

The essays on the Universe present, very nearly in 
chronological order, my researches into and gradually 
advancing views respecting the constitution of the 
Universe. With the exception of a few papers which 
have appeared in my ^ Essays on Astronomy,' all my 
original researches into this subject are given in the 
present volume. 

I believe that my account of the results obtained by 
Sir W. Herschel during his long and arduous labours 
in the study of the star-depths is more accurate than 
any yet presented. 

In this volume I give full copies of all my maps and 
charts of the star-depths, except in the case of my large 
chart of 324,000 stars, sections from which only are 
given.* 

Plate Vn. is by Mr. Sidney Waters, F.R.A.S., and 

^ Photographic copes (18 inches in diameter) of the original chart 
can be obtained from Mr. J. Browning, 111 Minories. 



Vlll PREFACE. 

is, in my judgment, a most valuable contribution to 
uranography. 

The essays relating to the transits of Venus present 
the whole of my more strictly scientific discussion of 
that subject, as well as all the charts which I have 

drawn at different times to illustrate it. It has seemed 

# 

to me desirable to publish these papers and charts in 
a collected form ; because while American, German, 
French, and Eussian astronomers have published very 
excellent and complete series of charts illustrating the 
transit of 1874, no British series has been published^ 
nor has any student of astronomy in Great Britain, 
except myself, undertaken the thorough investigation 
of the conditions of the transit of 1874. In saying 
this I am not, on my own authority, undertaking to 
describe as insufficient the Astronomer Royal's investi- 
gation published in 1868. He himself, in a letter 
addressed to me in 1869, described that investigation as 
rough, and in fact merely preliminary. Nor in pre- 
senting my own results as accurate am I claiming for 
myself more than others have allowed. The Astrono- 
mer Royal, in a letter read before the Council of the 
Astronomical Society on January 10, 1873, when as 
yet little more than half the series now published was 
completed, spoke of my investigation as ' probably the 
best yet made ' ; and as is now well known, every one 

^ I yenture to express the opinion that a writer who has (as I have in 
the article on Mars in the Quarterly Journal of Science for April, 1873) 
adopted and enforced a theory directly counter to one he had himself 
advanced, can afford to smile at the assertion that he pretends to scien- 
tific infallibility. Vide Saturday JRevieto for December 6, 1873, where 
such a claim is (jestiDgly, I suppose) attributed to me. 



PREFACE. IX 

of my suggestions has been adopted — except one, made 
in good time, but renewed unfortunately (so anxious 
was I to avoid undue haste) too late — I mean tlje 
suggestion that reconnaissances should be made in the 
Antarctic and sub- Antarctic Seas, to ascertain what 
places, if any, are suitable as additional southern 
stations for observing the transit of 1874. 



EicHARD A. Proctor. 



New York : January, 1874. 
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THE UNIVEESE. 



STAR'STREAMS. 

To those who rightly appreciate its meaning, the Milky 
Way is the most magnificent of all astronomical phenomena. 
However opinions may vary as to the configuration of the 
star-streams composing this object, no doubt now exists 
among astronomers that the Milky Way consists really of 
suns, some doubtless falling short of our own sun in bril- 
liancy, but many probably surpassing it. Around these 
suns, we may fiurly conceive, there revolve systems of 
dependent orbs, each supporting its myriads of living 
creatures. We have afforded to us a noble theme for 
contemplation, in the consideration of the endless diversities 
of structure, and of arrangement, which must prevail through- 
out this immensity of systems. 

I propose to examine what is known of this marvellous 
object, and to present some considerations which appear to 
me to have an important bearing on the views we should 
form of its structure. 

The galaxy traverses the constellation Cassiopeia. Thence 
it throws off a branch towards a Persei, prolonged feintly 
towards the Pleiades. The main stream, here &int, passes 
on through Auriga, between the feet of G-emini and The 

B 



2 THE UNIYEBSE. 

Bull's horns, over Orion's club, to the neck of Monoceros. 
Thence, growing gradually brighter, the stream passes over 
the head of Canis Major, bx a uniform stream, until it enters 
the prow of Argo, where it subdivides* One stream continues 
to 7 Argus, the other diffuses itself broadly, forming a Seoi- 
like expanse of interlacing branches which terminate abruptly 
on a line through X and 7 Argus. Here there is a gap, 
beyond which the Milky Way conunences in a similar fan- 
shaped grouping, converging on the brilliant (and in other 
respects remarkable) star, ff Argus. Thence, it enters the 
Cross by a narrow neck, and then directly expands into a 
broad, bright mass, extending almost to a Gentauri. Within 
this mass is a singular cavity known as the Coal-Sack. At 
a Centauri the Milky Way again subdivides, a branch 
running off at an angle of 20% and losing itself in a narrow 
streamlet. The main stream increases in breadth, until, 
^ making an abrupt elbow,' it subdivides into one continuous 
but irregular stream, and a complicated system of interlacing 
streams covering the region around the tail and following 
claw of Scorpio. A wide interval separates this part of the 
galaxy from the great branch on the northern side, which is 
seen in plates I*, II., and VI*, terminating close on /9 Ophiuchi. 

The main stream, after exhibiting several very remarkable 
condensations, passes through Aquila, Sagitta, and Vulpecula 
to Cygnus. In Cygnus there is a ' confused and patchy' region, 
marked by a broad vacancy, not unlike the Coal-Sack* From 
this region there is thrown off the offset to fi Ophiuchi already 
mentioned ; the main stream is continued to Cassiopeia. 

There only remains to be noticed ' a considerable offset or 
protuberant appendage,' thrown from the head of Cepheus 
directly towards the pole. 

A word as to the changes in the appearance and position 
of the Milky Way from month to month, at any given hour. 
Selecting ten o'clock in the evening, as the most convenient 
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hour, we have the following variations of configuration : — At 
the winter solstice the Milky Way passes nearly through 
the zenith, crossing the horizon towards the south-east and 
north-west. Its brightest part is low down towards the 
last named quarter, where the constellation Cygnus lies 
close to the horizon. One month later, the Milky Way 
crosses the horizon towards the south-south-east, and north- 
north-west, and is bowed some 20° from the zenith towards 
the west-south-west. Cygnus is now half-set. Yet another 
month, and the Milky Way is found crossing the northern 
and southern points of the horizon, and bowed about 40° 
from the zenith towards the west — Cygnus more than half*- 
set. At the Vernal Equinox, the Milky Way crosses the 
horizon towards the south-south-west, and north-north-east, 
and is bowed upwards of 50° from the zenith towards the 
west-north-west. One month later (that is about April 20), 
we find the Milky Way crossing the horizon towards the 
west somewhat southerly and towards the east somewhat 
northerly, and only raised about 20° above the northern 
horizon. It is now easy to follow the remaining changes 
without special comment. The eastern end travels south- 
wards, the western northwards, along the horizon, the central 
part approaching the zenith, just as hitherto it has been 
seen to leave the zenith. The bright parts in Cygnus and 
Aquila are more and more favourably seen as they approach 
the zenith, being best seen in July and August (at 10 p.m.). 
About this time we see the southern portion of the Milky 
Way somewhat beyond Antares (the heart of Scorpio), 
whereas six months before the greatest range on the opposite 
side (including nearly the whole of the gap in Argo) had 
been visible. At the end of October the Milky Way ^at 
10 P.M.), is seen vertically overhead, and crossing the horizon 
towards the east and west quarters, the western half being 
the most conspicuous. 

B 2 
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Chilileo was the first to prove, though earlier astronomers 
had entertained the notion, that the Milky Way is composed 
of a vast number of stars, crowded closely together. But 
no attempt was made to offer a theory of its structure until, 
in 1754, Thomas Wright, in his * Theory of the Universe,' 
propounded views closely according with those entertained 
later by Sir W. HerscheL Wright, having examined a 
portion of the galaxy with a reflecting telescope, only one 
foot in focal length, came to the conclusion that our sun 
is in the midst of a vast stratum of stars ; that it is when 
we look along the direction in which this stratum extends, 
that we see the zone of light constituting the Milky Way ; 
and that as the line of sight is inclined at a greater and 
•greater angle to the mean plane of the stratum, the 
-apparent density of the star-grouping gradually diminishes. 

But it is to Sir W, Herschel, and the supplementaiy 
labours of Sir J. Herschel, that we owe the more definite 
views now commonly entertained respecting the Via Lactea. 
The elder Herschel, whose nobly speculative views of 
nature were accompanied by practical conmion sense, and a 
wonderful power of patient observation, applied to the 
'heavens his celebrated method of gauging. He assumed 
•as a first principle, to be modified by the results of observation, 
that there is a tolerable uniformity in the distribution of 
stars through space. Directing his twenty-feet reflector 
•successively towards different parts of the heavens, be 
counted the number of stars which were visible at any single 
view. The field of view of this reflector was 15' in diameter, 
so that the portion of the sky included in any one view was 
less than one-fourth of that covered by the moon. He found 
the number of stars visible in different parts of the heavens, 
in a field of view of this size, to be very variable. Some^ 
times there were but two or three stars in the field ; indeed, 
on one occasion he counted only three stars in four fields. 
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In other parts of the heavens the whole field was crowded 
with stars. In the richer parts of the galaxy as many as 400 
or 500 stars would be visible at once, and on one occasion he 
saw as many as 588» He calculated that in one quarter of 
an hour 116,000 stars traversed the field of his telescope, 
when the richest part of the galaxy was under observation. 
Now, on the assumption above-named, the number of stars 
visible when the telescope was pointed in any given direction 
was a criterion of the depth of the bed of stars in that 
direction. Thus^ by combining a large niunber of observations, 
a conception — rough, indeed, but instructive — ^might be 
formed of the figure of that stratum of stars within which 
our sun is situated. 

One section of the galactic nebula^ as determined from 
Herschel's observations, is given in fig. 1. The projections 




Fig. I. 

extending to the left correspond to those portions of the 
particular great circle considered, which cross the double 
part of the Milky Way ; the opposite projection represents the 
portion crossed by the single stream ; while the comparative 
flattening of the central part indicates the gradual diminution 
of star-density in directions removed from the galactic zone. 
It is, of course, to be understood that Herschel was far from 
supposing that such a figure correctly represented the figure 
of the section. He looked upon it as affording but a rough 
indication of the true figure. He had indeed noticed, so 
early as 1785, that there is a tendency in the Milky Way to 
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cluster around definite regions of the heavens ; and he saw 
ttiat the fact of such clustering was sufficient to account for 
many irregularities of the figure, quite irrespectively of the 
absolute extent of the Milky Way in space. If we are look- 
ing from a height at the lights of a large town, we may 
fairly assume that a row of many lights very closely ranged, 
lies at a greater distance from us than another row containing 
lights more widely dispersed, if we have reason to suppose 
that throughout all the streets of the town the lights are 
separated by distances approximately equal. But if we 
have reason to suspect that there are some streets lighted 
more fully than others, the inference would be no longer 
valid. And again, Herschel suspected that there are stars 
so large as to bear a sort of sway among other stars by 
superior attractive influence. Here, then, was another 
element of difficulty, since it becomes clear (1) that the 
brilliancy of a star is no positive evidence of proximity ; and 
(2) that there may be (besides the obvious clusterings already 
considered) laws of systematic distribution, which might 
largely modify the evidence afforded byeftar-gauging. For 
instance, returning to the illustration given above, if we 
have reason to suspect that there are many lights of superior 
brilliancy, in some parts of a town, and that further there 
are in some streets laws of arrangement among the lights, or 
that there are irregularities of surface-contour, which pro- 
duce here and there a greater or less foreshortening than would 
result on a level ground, we shoidd have to make allowance 
for these points in attempting to form an estimate of the 
distances at which the different parts of the town are 
removed from us. 

Still, the results obtained by Sir W. Herschel have very 
properly been accepted as affording general evidence of high 
value. 

Sir J. Herschel, diuring his residence at the Cape of Good 
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Hope, carried out an extensive series of observations of the 
southern heavens. Applying his other's method of gauging, 
with a telescope of equal power, he obtained a result agreeing, 
in a most remarkable manner, with those obtained by Sir 
William Herschel. It appeared, however, that the southern 
hemisphere is somewhat richer in stars than the northern, a 
result which has been accepted as indicating that our system 
is probably somewhat nearer the southern than the northern 
part of the galactic nebula. Moreover, Sir J. Herschel was 
led to believe that the sidereal system forms a cloven flat 
ring rather than a disc. 

Combining the results obtained by the two Herschels, we 
should assign to the stratum of stars a figure somewhat 
resembling that of the solid cloven disc exhibited in fig. 2. 
This, being a side view, gives the figure of the imaginary 
section which appears so often in works on astronomy. In 
fig. 1 the small circle near the centre indicates the probable 
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Fig. 2. 

extent (on the theory in question) of the sphere within which 
stars down to the fifth and sixth magnitude may be supposed 
to be included. 

The main difficulties in attempting to form an estimate 
of the real configuration of the galactic system are those 
-which have been already mentioned. Have we evidence con- 
firming or disproving (1) the tendency to clustering suggested 
by the elder Herschel, (2) the possible variability among star- 
magnitudes, and (3) the action of influences exerted by large 
stars in guiding or swaying others ? It appears to me that there 
are indications of a very obvious and important character, 
which have been either altogether unnoticed, or much less 
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noticed than they deserve. In considering these indications, 
I would refer the reader chiefly to Plates I., II., and VI. For 
portions of the evidence cannot be thoroughly understood 
without reference to star-maps, in which (at a single view, if 
possible) the course of the Milky Way is exhibited in a 
manner which enables us at once to determine its relations to 
the constellations. It may seem (and, indeed, on the assump- 
tion of any approach to uniformity in the true magnitudes, 
or distribution of stars, it must necessarily be) a very im- 
perfect method to refer to star-maps including only the first 
six magnitudes.^ It is obvious that if our sun is placed 
within such a stratum as is exhibited in figs. 1 and 2, no 
evidence whatever as to the structure of that stratum can be 
afibrded by considering the comparatively few stars included 
within the small central circle. But it is this veiy fact on 
which I wish to dwell. If any connection 8h(yuld appear 
between the configuration of our galaxy, and the arrange- 
ment of stars which are assimied to be much nearer to us 
than the Milky Way, it will be obvious that we must some- 
what modify the views illustrated by these figures. 

Now, taking Plates I., II., and VI., I think one can trace a 
connection between the stars there depicted, and that stream 
of nebulous light which the view we are examining teaches 
us to consider as at an enormous distance beyond those stars. 
In the northern portion, perhaps, the connection is not very 
remarkable. We see that a large number of the brighter 
stars lie on or near the Milky Way, but the relation is not 
so marked that we can regard this arrangement as positive 
evidence of aggregation. However, I think no one who has 
attentively examined the glories of Orion, the richly-jewelled 
Taurus, the singular festoon of stars in Perseus, and the closely- 

' In the paper as it originally stood reference was made to stars down to the 
fifth magnitude only. The character of the evidence is not affected by the 
change. 
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set stars of Cassiopeia, but must have felt that the association 
of splendour along this streak of the heavens is not wholly 
accidental. The stars here seem to form a system, and a 
system which one can hardly conceive to be wholly uncon- 
nected with the neighbouring stream of the Milky Way. 
But in the southern portion the arrangement is yet more 
remarkable and significant. From Scorpio, over the feet of 
the Centaur, over the keel of Argo, to Canis Major, there is 
a clustering of brilliant stars, which it seems wholly impos- 
sible not to connect with the background of nebulous light. 
It is noteworthy, also, that this stream of stars merges into 
the stream commencing with the group of Orion already 
noticed. Nor is this all. It is impossible not to be struck 
by the marked absence of bright stars in the region of the 
heavens between Algol, Crux, and Corvus. One has the 
impression that the stars have been attracted towards the 
region of the stream indicated, so as to leave this space 
comparatively bare. 

Now, this last circumstance would appear less remarkable 
if the paucity of stars here noticed were common also in parts 
of the heavens far removed from the Milky Way. But this 
is not the case. Beyond this very region, which we find so 
bare of stars, we come upon a region in which stars are 
clustered in considerable density, a region including Crater, 
Corvus, and Virgo, with the conspicuous stars Algores, Alkes, 
and Spica. But what is very remarkable, while we can 
trace a connection between the stream of bright stars over 
the Milky Way, and the stream of nebulous light in the 
background, it is obvious that the two streams are not 
absolutely coincident in direction. The stream lies on one 
side of the Milky Way near Scorpio, crosses it in the 
neighbourhood of Crux, and passes to the other side along 
Canis Major, Orion, and Taurus. Does the stream return to 
the Milky Way ? It seems to me that there ia clear evidence 
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of a separation near Aldebaran, one branch curving through 
Auriga, Perseus, and Cassiopeia, the other proceeding (more 
nearly in the direction originally observed) through Aries 
(throwing out an outlier along the band of Pisces), over the 
square of Pegasus, and along the streams which the ancients 
compared to water from the urn of Aquarius (but which in 
our modem maps are divided between Aquarius and Grus). 
The stream-formation here is very marked, as is evident from 
the phenomenon having attracted the notice of astronomers 
so long ago. But modem travels have brought within our 
ken the continuation of the stream over Toucan, Hydrus, and 
Beticulum (the two latter names being doubtless suggested 
by the convolutions of the stream in this neighbourhood). 
Here the stream seems to end in a sort of double loop, and 
it is not a little remarkable that the Nubecula Major lies 
within one loop, the Nubecula Minor within the other. It is 
also noteworthy that from the foot of Orion there is another 
remarkable stream of stars, recognised by the ancients under 
the name of the Biver Eridanus, which proceeds in a 
sinuous course towards this same region of the Nubeculae. 

Having thus met with evidence — striking at least, if not 
decisive, — of a tendency to aggregation into streams, let us 
consider if, in other parts of the heavens, similar traces may 
not be observable. We traced a stream from Scorpio towards 
Orion, and so round in a spiral to the Nubeculse. Let us 
now return to Scorpio, and trace the stream (if any appear) 
in the contrary direction. Now although over the northern 
hemisphere star-streams are not nearly so marked as over the 
southern, yet there a|)pears a decided indication of stream- 
formation along Serpens and Corona over the group on the 
left hand of Bootes to the Great Bear. A branch of this 
stream, starting from Corona, traverses the body of Bootes, 
Berenice's Hair, the Sickle in Leo, the Beehive in Cancer, 
passing over Castor and Pollux in Gemini, towards Capella. 
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A branch from the feet of Gemini passes over Canis Minor, 
along Hydra (so named doubtless from the obvious tendency 
to stream-formation along the length of this constellation), 
and so to the right claw of Scorpio. 

One other remarkable congeries of stars is to be 
mentioned. From the northern part of the Milky Way there 
will be noticed a projection towards the north pole from the 
head of Cepheus. This projection seems to merge itself in a 
complex convolution of stars forming the ancient constellation 
Draco, which doubtless included the ancient (but probably 
less ancient) constellation Ursa Minor. After following the 
convolutions of Draco, we reach the bright stars Alwaid and 
Etanin (/3 and 7) of this constellation, and thence the stream 
passes to Lyra, where it seems to divide into two, one passing 
through Hercules, the other along Aquila, curving into the 
remarkable group Delphinus, 

The streams here considered, include every conspicuous 
star in the heavens. But the question will at once suggest 
itself, whether we have not been following a merely fanciful 
scheme, whether all these apparent streams might not very 
well be supposed to result from mere accident. Now, from 
experiments I have made, I am inclined to believe that in 
any chance distribution of points over a surface, the chance 
against the occurrence of a single stream as marked as that 
which lies (in part) along the back of Grus, or as the curved 
stream of bright stars along Scorpio, is very great indeed. 
I am certain that the occurrence of many such streams is 
altogether improbable. And wherever one observes a ten- 
dency to stream-formation in objects apparently distributed 
wholly by chance, one is led to suspect, and thence often 
to detect the operation of law. I will take an illustration, 
very homely perhaps, but which will serve admirably to 
explain my meaning. In soapy water, left in a basin after 
washing, there will often be noticed a tendency to the forma« 
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tion of spiral whorls on the surface. In other cases there 
may be no definite spirality, but still a tendency to stream- 
formation. Now, in this case, it is easy to see that the curved 
bottom of the basin has assisted to generate streams in the 
water, either circulating in one direction, or opposing and 
modifying each other's effects, according to the accidental 
character of the disturbance given to the water in the pro- 
cess of washing.^ Here, of course, there can be no doubt of 
the cause of the observed phenomena ; and I believe that in 
every case in which even a single marked stream is seen 
in any congeries of spots or points, a little consideration will 
suggest a regulating cause to which the peculiarity may be 
referred. 

It is hardly necessary to say that, if the stream-formation 
I have indicated is considered to be really referable to sys- 
tematic distribution, the theory of a stratum of stars dis- 
tributed with any approach to uniformity, either as respects 
magnitude or distance, must be abandoned. It seems to me 
to be also quite clear that the immense extent of the galaxy 
as compared with the distances of the ^ lucid ' stars from us, 
could no longer be maintained. On this last point we have 
other evidence, which I will briefly consider. 

First, there is the evidence afforded by clusterings in the 
Milky Way. I will select one which is well known to every 
telescopist, namely, the magnificent cluster on the sword-hand 
of Perseus. No doubt can be entertained that this cluster 
belongs to the galactic system, that is, that it is not an ea> 
temal cluster: the evidence from the configuration of the 
spot and from the position it occupies, is conclusive on this 

* Sometimes a singular regularity of curvature is noticed, and a spiral is 
formed closely resembling in configuration some of the great spiral nebulae, as 
drawn by Lord Bosse, so that one is tempted to see in the centrifugal tendency 
of the disturbed water, and the centripetal effects caused by reflection from the 
basin's surface, causes which may in some sense illustrate the laws operating 
in wider domains of space. 
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point. Now, within this spot, which shows no stars to the 
naked eye, a telescope of moderate power reveals a multitude 
of brilliant stars, the brightest of which are of about the 
seventh magnitude. Around these there still appears a milky 
imresolved light. If a telescope of higher power be applied, 
more stars are seen, and around these there still remains a 
nebulous light. Increase power until the wholeT field blazes 
with almost unbearable light, yet still there remains an un- 
resolved background. ' The illustrious Herschel,' says Pro- 
fessor Nichol, < penetrated, on one occasion, into this spot, 
tmtil he found himself among depths, whose light could not 
have reached him in much less than 4,000 years ; no marvel 
that he withdrew from the pursuit, conceiving that such 
abysses must be endless.' It is precisely this view that I 
wish to controvert. And I think it is no difficult matter to 
show at least a probability against the supposition that the 
milky light in the spot is removed at a vast distance behind 
the stars of the seventh magnitude seen in the same field. 

The supposition amounts, in &ct, to the highly improbable 
view that we are looking here at a range of stars extending 
in a cylindrical stratum directly from the eye — a stratum 
whose section is so very minute in comparison with its 
breadth, that, whereas the whole field within which the spot 
is included is but small, the distance separating the nearest 
parts of the group from the farthest, is equivalent to the im- 
mense distance supposed to separate the sphere of seventh 
magnitude stars from the extreme limits of our galaxy. And 
the great improbability of this view is yet further increased, 
when it is observed that within this spot there is to be seen 
a very marked tendency to the formation of minor streams, 
around which the milky light seems to cling. It seems, 
therefore, wholly improbable that the cluster really has 
that indefinite longitudinal extension suggested by Professor 
Nichol. In fact, it becomes practically certain that the milky 
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light comes from orbs really smaller than the seventh magni* 
tude stars in the same field, and clustering round these stars 
in reality as well as in appearance. 

The observations applied to this spot may be extended to 
all clusters of globular form ; and where a cluster is not globu- 
lar in form, but exhibits, on examination, either (1) any ten- 
dency within its bounds to stream-formation, or (2) a uniform 
increase in density as we proceed from any part of the cir- 
cumference towards the centre, it appears wholly inconceivable 
that the apparent cluster is, not really a cluster, but a long 
range of stars extending to an enormous distance directly 
from the eye of the observer. When, in such a case, many 
stars of the higher magnitudes appear within the cluster, we 
seem compelled to admit the probability that they belong to 
it ; and, in any case, we cannot assign to the farthest parts 
of the cluster a distance greatly exceeding (jproporti<mally) 
that of the nearest parts. 

Of a like character is the evidence afibrded by narrow 
streams and necks within the galaxy itself. If we consider 
the convolutions over Scorpio, it will seem highly improbable 
that in each of these we see, not a real convolution or stream, 
but the edge of a roll of stars. For instance, if a spiral roll 
of paper be viewed from any point taken at random, the 
chances are thousands to one against its appearing as a spiral 
curve, and of course the chance against several such rolls so 
appearing is very much greater. The fact that we are as- 
sumed to be not very far from the supposed mean plane of 
the Milky Way would partly remove the difficulty here con- 
sidered, if it were not that the thickness and extent of the 
stratum, as compared with the distances of the lucid stars, 
must necessarily be supposed very great, on the assumption 
of any approach to uniformity of distribution. 

Evidence pointing the same way is afibrded by circular 
apertures in the galaxy, or indeed by apertures of other forms, 
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since a moment's inspection of figs. 1 and 2 will show the 
improbability of any tunnelling (so to speak) through the 
star stratum, being so situate as to be discernible from the 
centre. Another peculiarity of these cavities is also notice- 
able ; whereas on the borders of every one there are many 
lucid stars, or in some cases two or three veiy bright stars, 
wvtkm the cavity there is a marked paucity of stars. This 
phenomenon seems to indicate a much closer connection be- 
tween the brighter stars, and the milky light beyond, than is 
supposed on the stratum theory. One can hardly conceive 
the phenomenon to be wholly accidental. 

There are some other points on which I would fain dwell, 
but space will not permit me. I may, perhaps, on another 
occasion, return to the consideration of the subject. For the 
present, I will merely note that there are peculiarities in the 
distribution of red double, and midtiple stars, in the position 
in which temporary stars have made their appearance, and in 
the distribution of nebulsB, which seem very worthy of notice. 

One point, however, immediately connected with my 
subject, remains to be mentioned. I have traced streams of 
stars Tnore conspicuous than those forming the Milky Way. 
We have also evidence of streams of light yet more delicate 
and evanescent than the light of our galaxy. In Sir John 
Herschel's great work on the southern skies, he notes the fre- 
quent recurrence of ' an exceedingly delicate and uniform 
dotting, or atippUng of the field of view by points of light 
too small to admit of any one being steadily or fully ex- 
amined, and too numerous for counting, were it possible so 
to view them.* In thirty-seven places he detected this 
remarkable and significant phenomenon ; a phenomenon so 
faint that he says, ^ The idea of illusion has continually 
arisen subsequently ; ' an idea well befitting the modesty of 
the philosophic observer, but which those who appreciate 
Sir John Herschel's skill as an observer will be very unwilling 
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to accept. As Professor Nichol remarks, < It is enough to 
read from Herschel's note-book — *' I feel satisfied the stippling 
is no illusion, for its dark mottling moves with the stars as I 
move the tube to and fro **-^to feel convinced that the phe- 
nomenon is real.' Now, a remarkable tkct connected with 
those observations is, that when Sir J. Herschel marked down 
in a star-chart the places in which he had detected this 
nebulous appearance, he found that, < with the exception of 
three, which appeared outlying and disconnected, they formed 
several diatiTict hut continuous atreaTos, 

From the Intellectual Observer for August 1S67. 
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STAR STREAMS AND STAR SPRAYS. 

The stellar heavens present us with a problem of vast diffi- 
culty — the problem of determining the laws according to 
which those myriads of orbs which the unaided eyes can 
see, or which the telescope reveals, are distributed through- 
out space. We can determine the laws of stellar distribution 
so far as they relate to the imaginary concave of the heavens. 
We could form a globe upon which millions of stars might 
be indicated ; or better, we might mark these millions of 
stars upon the interior sur&ce of a hollow globe ; and thus, 
so far as the apparent laws of stellar arrangement are con- 
cerned, we might actually render the eye cognisant of all 
which even the most powerful telescopes can reveal. But 
when this had been accomplished, we should have made but 
a short step towards the determination of the manner accord- 
ing to which the stars are distributed throughout space. 
We should have placed all the stars which the telescope 
reveals upon a spherical surface, whereas we know that they 
lie in reality on no such surface, but some at distances much 
vaster than the distances which separate us from others. 
We know that if we have to deal with a sphere of stars at all 
it is a sphere fvXL of stars, and not a spherical surface 
covered vrith stars, that we have to consider. But, in truth, 
we know that the space containing all the stars revealed by 
powerful telescopes may not even approach the form of a 
sphere ; and that within that space the stars may be dis- 
tributed in the most irregular manner — here crowded most 

c 
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densely, there sparsely scattered, and throughout enormous 
regions mayhap altogether wanting ; in some places arranged 
into clustering aggregations, in others in streams, and else- 
where in &nta8tic convolutions or reticulations ; while, for 
aught that has yet been shown, the whole stellar region may 
be occupied more or less richly with a variety of forms of 
matter other than stars or suns, and even differing perhaps 
from any forms of matter with which we are acquainted. 

Unfortunately we have no means of modifying the con- 
ditions of the problem presented to us by the stars. We 
must be content to analyse patiently the evidence by means 
of which alone the problem can be attacked* Whether when 
that has been done, or while it is being done, we shall be 
able to form clear and definite conclusions respecting the 
stellar system, need not at present concern us. It is at any 
rate certain that if the secret of the heavens is to be disclosed, 
it can only be as the result of systematic inquiries directed 
to the vast mass of information which has already been 
gathered together; and the doubts we may entertain as to 
the actual fruits of such inquiries ought not to deter us from 
making them, since that would be in effect to give up the 
prol^em of the star-depths altogether. To use the words of 
the astronomer to whom more than to any other, save one 
alone, we owe the power itself of making such inqtiiries, we 
must 'not be deterred from dwelling consecutively and 
closely on speculative views by any idea of their hopeless- 
ness which the objectors against '< paper astronomy " may 
entertain, or by the real slendemess of the material threads 
out of which any connected theory of the universe (at present; 
has to be formed. Hypotheses Jingo in this stage of our 
knowledge is quite as good a motto as Newton's Tvon jingo^ 
provided always they be not hypotheses as to modes of physical 
actixyn for which experience gives no warrant.' * 

' From a letter written by Sir J. Herschel to n»e, in Aagust 1869. 
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My purpose in the present paper is to pursue an inquiry 
(commenced by me some five years ago) into a certain pecu- 
liarity of the. arrangement of objects within the star-depths, 
which appears to promise some insight into the real laws of 
stellar aggregation. I refer to the circumstauce that there 
may be observed among the stars a tendency to arrangement 
in streams, of greater or less length, and more or less dis- 
tinctly recognisable. I oflFer at present no explanation of 
the observed fiu^t, but seek rather to convince the reader 
that this peculiarity has a real existence, and that it may be 
regarded as in fact a characteristic peculiarity of the stellar 
system. It must be mentioned, however, that the tendency 
to stream-formation among the stars is not to be regarded as 
universal. On the contrary, it is but a sign of a much more 
general law, according to which the stars are found to aggre- 
gate in certain regions and to be segregated from others, as 
though, in some long past era, forces had been at work which 
drew the star material towards certain regions of space, to 
the avoidance of ethers. And here again, I would invite 
attention to the fact that the study of these laws of stellar 
aggregation and segregation seems to afford the only means 
of attacking a problem of immense difficidty, to which the 
inquiring mind is naturally led by the partial success which 
has attended inquiries into the origin of our own solar 
system. We recognise «, clearly within our Bolar system 
such motions and such laws of distribution as suggest a 
process of evolution,, that the mind is led to inquire whether 
the motion of the stars and theit arrangement throughout 
space may not indicate the action of a yet higlier order of 
evolution. If the genesis of a solar system has been or is 
being revealed to us, may not the genesis of a galaxy be one 
day revealed in like manner ? 

But I merely point to such inquiries as these, in passing, 
by way of indicating the class of questions to which such 

C 2 
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phenomena as I am about to consider may eventually lead. 
Let us now turn to the discussion of those observed facts, 
simply, which seem to show that the stars in certain regions 
have been gathered into streams. 

If we consider the stars according to their various orders 
of apparent magnitude, we are, in fact, treating the problem 
precisely as though the celestial vault were studied by means 
of telescopes progressively increasing in power. Nor need 
we, in so doing, make any assumption as to the real magni- 
tudes of the stars. We know quite certainly that whatever 
telescopic power we use, or even when we study the heavens 
with the naked eye, we have to deal with objects lying at 
different distances, and that therefore we are exposed to 
the possibility of error arising from the fact that orbs which 
seem to be associated may in reality be in no way connected. 
But if we keep this possibility of error very carefully in 
view, and if we apply to the various cases which come under 
our notice such laws of reasoning as may best serve to elimi- 
nate such error, then, although we may not be sure that in 
all instances the error in question has been obviated, we 
shall yet have done much to obtain at least probable evidence 
respecting the laws of stellar distribution. 

As an illustration of my meaning, I will take an instance 
belonging to the more general law of stellar arrangement, of 
which stream formation is but an instance. The reader is 
aware that the six stars which ordinary powers of sight 
recognise in the Pleiades are but a few among a very large 
number which are seemingly collected towards one particular 
region of the heavens in this place. Now, if we consider 
OTily two stars of the Pleiades, considerably unequal in 
magnitude, it must be regarded as not only possible, but (on 
a priori considerations) highly probable, that these two orbs 
lie at very different distances from the earth, and are not 
physically associated. But we are not free to extend this 
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reasoning, which is admissible in the case of two stars, to the 
whole group of the Pleiades, and to argue that, because we 
have no means whatever of determining the actual distances 
. of the orbs in that group, we are not at liberty to assume 
that they form a real clustering aggregation of stars. In so 
doing, we should undoubtedly be losing sight of evidence 
which absolutely demonstrates the clustering nature of the 
Pleiades. We have only to consider the mathematical 
probability that so many orbs would be gathered together 
within a certain portion of the heavens in the Pleiades, when 
the total number of stars between the same limits of magni- 
tude is such and such, to see that we have not to do with an 
accidental phenomenon due merely to the apparent associa- 
tion of stars of many orders of distance in nearly the same 
direction, but with a real aggregation of stars into a definite 
cluster, surrounded on all sides by comparatively vacant 
regions. We know that William Mitchell, more than a 
hundred years ago, by simply considering the six brighter 
stars of the Pleiades, was able to show that the odds are 
about half a million to one against the association of these 
stars being apparent only.' 

Now it is worthy of notice that, even among stars of the 

I Mitchell's paper, in vol. Ivii. of the 'Philosophical Transactions,' antici- 
pates in the clearest possible manner one of the general laws of stellar distri- 
Imtion which I have lately endeavoured to establish. The following passage, 
in particnlar, may be quoted in illustration: — * It has always been usual with 
astronomers to dispose the fixed stars into constellations ; this has been done 
fbr the sake of remembering and distinguishing them, and therefore it has in 
g^eneral been done merely arbitnurily and with this view only ; nature herself, 
Howeyer, seems to have distinguished the stars into groups. What I mean is, 
that from the apparent situation of thesEars in the heavens, there is the highest 
probability that, either by the original act of the Creator, or in consequence of 
some general law (such, perhaps, as gravity), they are collected together in 
great numbers in some parts of space, whilst in others there are either few or 
none. The argument I make use of in order to prove this is of that kind 
-vrhich infers either design or some general law, from a general analogy, and 
tbe greatness of the odds against things having been in the present situation, 
if it was not owing to some such cause.' 
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first three or four orders of magnitude, signs of aggregation 
are discernible, which appear too marked to be due to mere 
chance distribution. For instance, if we take an equal 
surface (isographic) chart of the northern heavens, showing 
all stars down to the fourth magnitude inclusive, we are 
struck by the singular vacancy lying where modem astro- 
nomers place the constellation of the Camelopard. Within 
an oval space, having Polaris and Castor as the ends of its 
longer diameter, Dubhe and 8 Aurig» as the ends of its 
shorter diameter, there are but three stars above the fifth 
magnitude, although this region extends over some fifty- 
eight degrees in length and about thirteen degrees in 
breadth. 

But it is when we consider the stars down to the fifth 
magnitude inclusive that we first begin to recognise the 
existence of a marked tendency to stream-formation. It is 
among these stars, in fact, that we find those streams which 
the ancients recognised when they gave to certain star- 
groupings such names as Hydra, Draco, Serpens, the Biver 
Eridanus, and when they marked down among the con- 
stellation-pictures two streams from the water-can of 
Aquarius and a band connecting together the two fishes* 
The prolongations of some of these streams of lucid stars 
have been recognised by those modem astronomers who gave 
to certain southern star-groupings the names Hydrus, Beti- 
culiun, and the like. 

Now, the chief question which has to be answered, in con- 
sidering the evidences of stream*formation, is whether the 
streams are apparent only or real ; and, in order to answer 
this question, we have to inquire what form or degree of 
streaminess (so to speak) might be expected among the 
1,500 stars, down to the fifth magnitude inclusive, if these 
were really spread at random over the celestial sphere. In 
another of these essays I have indicated the means whereby 
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I have tested this matter, and the conclusion to which I 
have been led — this namely, that although among 1,500 
or 2,000 points distributed at random over a surface of any 
kind, certain groups resembling streams might be recog- 
nised, such streams would not be nearly so well marked as 
the streams actually observed among the stars down to 
the fifth magnitude. But, on the other hand, it is not to 
be expected that the star streams actually recognised 
should be so exceedingly well marked and regular, or 
should be traceable over such great distances, that the 
reality of the stream-formation would be obvious at once. 
Had this been the case, indeed, the reasoning by which 
I have endeavoured to establish the reality of the pheno- 
menon would not have been required. The first astro- 
nomers would have recoguised the phenomenon as clearly 
as we can do. Therefore I do not consider the arguments 
which have been chiefly urged against these streams of 
lucid stars, regarded as having a real existence, as needing 
refutation. It has been urged that the streams can only 
be traced over such and such distances ; that they can be 
carried this way or that, according to fancy, and so on. 
This, however, was to be expected; if it were otherwise, 
the reality of the streams would long since have been recog- 
nised: and apart from this, remembering that we axe 
looking into the depths of space, and that, supposing star 
streams really to exist, we must see them foreshortened — ^in 
many instances projected on a background of stars less 
systematically distributed, and in other cases mixed up 
seemingly with other streams, either nearer or farther off — 
the wonder rather is that any well-marked portion of any 
stream should be recognisable, than that no stream should be 
traceable over very large areas on the heavens, and still less 
from its beginning to its end. That the reader may form 
his own opinion as to the reality of the streams traceable 
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among stars down to the fifth magnitude, I give the case of 
a Btar-group which is certainly not the most remarkable for 
streaminess, but chances to be more convenient for the 
purposes of illustration than most others. Fig. 3 presents 
the stare forming the connecting band of Pisces. The bright 
star in the lower left-hand comer is the knot of the band, 
one part of the band being formed by the curved stream of 
stars passing to the lower right-hand comer, the other by 



I'm. 3. — Showing the Blurs Thich form the coDDecting bund of Piecea, &c. 

the curved stream passing, with an indection near the double 
star in the figure, towards the upper right-hand comer. In 
this figure the fact that certain sets of stars lie on certain 
curved lines is of slight significance, for assuredly in any 
chance distribution of stars the like would be found ; the fact 
which is really significant is the paucity of stars on either 
side of the curved streams. We have certain lines along 
which the stars are plentifully strewn, while the adjacent 
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spaces are relatively vacant. This feature, recognisable not 
only in this case, but in others, and even more markedly in 
several instances, is one which cannot reasonably be ascribed 
to mere coincidence. Let it be noted, moreover, that what-" 
ever significance we attach to it, when considering the stars 
of the first five orders of magnitude, must be enhanced if, as 
we proceed, we recognise a similar feature (on a different 
scale, however) among stars of lower orders of magnitude. 
Throughout this paper, I am not presenting a series of con- 
siderations so related one with the other that the failure x>f 
one destroys the validity of my reasoning ; I am dealing with 
arguments which are independent of each other, though 
severally adding to each other's strength. If sonde of them 
fail, my case is only 2>7*o tanto weakened ; it is not by any 
means destroyed. 

Before leaving fig. 3, however, I would invite special 
attention to the manner in which the two star streams are 
conjoined. We see these streams converging upon a single 
star brighter than those which form the streams themselves ; 
and we may also trace, not indistinctly, a certain general 
equality of distribution among the stars of the two streams. 
The former feature is, however, the only one I care at 
present to dwell upon ; and it is to this particular arrange- 
ment of streams — ^two or more (but usually two) proceeding 
firom a single star — or of branches proceeding, as it were, 
from a single stem, that I have given the title of star sprays. 
In searching among the star-depths revealed by telescopes 
of considerable power, many cases may be noticed in which 
such star sprays exhibit a singular uniformity of structuro. 
The stars of the leading magnitudes are too few in number 
to afford many well-marked instances. I may note, how- 
ever, the arrangement of the stars in Coma Berenices as one 
illustration of this sort ; the stars 7, 14 and 13, forming the 
stalk of the spray. Another illustration may be recognised 
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in the stars forming the poop of Argo and the hind-quarters 
of Canis Major, or (to use a more satisfieu^tory way of 
indicating the orbs I refer to) the streams of stars converging 
on { and p Arg&s, from t Canis Majoris and from v Argus. 
At f Canis Majoris there is another subdivision ; one stream 
of stars passing to k Columbse, the other over u and x 
Puppis to V Argiis. The streams from the water-can of 
Aquarius form a more extenrive, but perhaps less satisfectoiy, 
illustration of the same peculiarity. 

I need give the less attention to those cases of stream-form* 
ation which may be recognised among the stars of the first six 
orders inclusive, because I have already discussed the relations 
among the lucid stars, in the preceding essay and in ^ Other 
Worlds.' Of the peculiarities of distribution recognisable 
among the stars there dealt with, I may say with confidence 
that it is wholly impossible to regard them as accidental ; 
they indicate beyond all possibility of question the existence 
of some real cause which has led to a drifting of the stars 
towards certain regions. As regards such peculiarities of 
arrangement as would fall more particularly under the head 
of my present subject, I think it is almost equally impossible 
to feel any doubt. If some of the streams and reticulations 
which can be recognised in the isographic charts forming 
Plates I., II. and VI. be due to chance distribution, the 
coincidence is very much more remarkable than the theory 
of star streams which I am at present advocating. It is 
truer to say, however, that the laws of probability as at 
present understood will not permit us to regard such 
singular configurations as accidental. 

It would be desirable that we should have equal-surface 
charts of the heavens to include stars down to the seventh, 
eighth, and ninth magnitudes severally ; because it is only 
by thus considering the separate stages of space-penetration 
that we can obtain complete recognition of the laws of stellar 
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distribution throughout space. We owe, I think, to the 
elder Struve the first recognition of the importance of such 
graduated advances within the star-depths ; though he 
dwelt rather on the importance of star-gauging (and that, 
also, according to averages) than on the value of star-charts 
capable of revealing to the eye the statistics of stellar dis- 
tribution. It will not be difficult to construct charts 
including stars down to the seventh, and eighth, and ninth 
orders of magnitude ; because as soon as the complete survey 
of the heavens has been effected after the plan already 
extended by Argelander to the northern hemisphere, the 
charts forming the survey, if carefully drawn,' will enable us 
to construct charts of complete hemispheres including stars 
down to the seventh, eighth, and ninth magnitudes severally 
inclusive. 

At present, however, for want of such intermediate charts 
(so to speak) I pass from my equal-surface projection of all 
the stars down to the sixth magnitude inclusive, to an 
equal-surface projection which I have just completed, in 
which all stars in Argelander's series of forty northern maps 
have been marked in with careful reference as well to their 
arrangement as to their magnitude. In these forty charts, 
as many of my readers are doubtless aware, Argelander has 
included all stars down to magnitude nine and a-half, within 
ninety-two degrees of north polar distance — the two degrees 
south of the equator being added in order to facilitate the 
comparison of the northern atlas with charts forming the 
southern survey, one day to be completed (it may be hoped) 

It 18 important that the sise of the discs used to indicate the several 
magnitudes should remain unchanged dnring the whole process of engraving, 
and also that the. several charts forming the series should be printed with 
exactly the same degree of fidne8$. In Argelander's splendid series of forty 
eharts, in which aU the northern stars down to the magnitude intermediate 
between the ninth and tenth are included, slight changes have taken place 
during the progress of the work, which create some degree of doubt as to the 
orders to which the stars belong in some of the charts. 
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at southern stations. In all there are 324,198 stars. AH 
these I have carefully copied in, upon a circular chart two 
feet in diameter, isographically divided (in pencil) by radial 
lines and circles, into spaces extending one degree in 
declination and one degree in right ascension for sixty 
degrees to the north of the equator, the nominal extension 
in S.A. being correspondingly increased with proximity to 
the pole. In fact, all the spaces in Argelander's series of 
charts (some 26,400 in all) were represented in pencil in my 
projection, before a single star was charted in. Then the 
stars were carefully copied in, space by space, from Arge- 
lander's atlas; at such a rate (on the average), that the 
whole work of charting occupied me about 400 hours.^ I do 
not think that the labour was thrown away, when it is re- 
membered that, as a result, the statistical distribution of all 
the stars down to the 1 1th magnitude of Sir J. Herschel's scale 
was presented to the eye. The gauges of the Herscbels 
had included in all about 160,000 stars, and Struve, in the 
elaborate series of inqmries on which he founded the theories 
propounded in his ^ £tudes d' Astronomic stellaire,' dealt with 
about 32,000 stars ; but the labom*s of Argelander enabled 
me not merely to count, but to delineate, 324,198 stars — 
not merely to draw inferences from statistical enumeration 
as to the real laws of stellar distribution, but to exhibit 
those laws of distribution tp the eye. 

The first and most important conclusion deduced from 
this process of charting relates to the Milky Way; but 
it will be well to defer the consideration of that conclu- 

1 Argelander and his assiBtants were engaged no less than Beren years and 
one month in completing their magnificent contribution to uranography. The 
rate at which I copied in the starB was such as to enable me to copy carefully 
within each space on my projection the stars shown in the corresponding space 
in the large atlas. It is worthy of notice that a single second of extra time 
(on the average) per star would have caused an addition of ninety hours*, or 
say ten days', work. The time actually employed on the average was slightly 
less than four and a-half seconds per star. 
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8i6n until I come to speak of the Milky Way as itself a vast 
conglomeration of star streams and star sprays. 

But another conclusion, not obviously dedudble from the 
chart itself, or its photographic reductions, was forced upon 
me in a very marked manner as the work of charting pro- 
ceeded. Again and again I had occasion to notice the 
tendency of the stars to associate themselves into streams 
and sprays, the star sprays being ordinarily of the form 
illustrated in fig. 3. It would be quite impossible for me to 
convey by means of pictures any adequate idea of the 
persistence with which these peculiarities of structure were 
renewed, especially in certain parts of the chart. Indeed, it 
would be absolutely necessary to include a much larger por- 
tion of the heavens than could here be conveniently pictured, 
to show the most significant feature of all, the manner, 
namely, in which the sprays are divided and sub-divided. 

Now the point to be chiefly noticed here is, that so far 
as a priori considerations are concerned, one would be led 
to expect that no very marked signs of stream-formation 
would be shown among stars down nearly to the tenth order 
of magnitude. For the further we increase our range of 
vision, the more likely must we be, it would seem, to obtain 
a view in which the actual relations of the stars are confused 
by seeming combinations, due to the accidental agreement, 
in general direction, of star-groups at very different orders of 
distance. For either there is or there is not a general uni- 
formity of star-magnitude (within certain limits). If there 
is such uniformity, so that the fainter stars are in reality as 
large (on the average) as others, but more distant, then it is 
certain that amongst the stars dealt with in Argelander's 
charts there are in all directions stars at very different 
distances ; stars therefore not in reality associated, but which 
yet, being seen in nearly the same direction, are brought into 
seeming juxtaposition. If, on the other hand, there is not 



THB UNITER8E. 



among tbe stars, even in a general Bense, ao; approBcb to 
uniformity of magnitode, then ire may be even more 
completely deceived ; for oertain neat stan which are really 
very email (relatively) may be brought, not merely into 



Fid. 1. — A portloD of one of Argelouder'B chartB, the ceotiv of the Bpoce heia 
shoTD beiDg nearlj in 32^° N. Dec., and inh. 28m. B.A. 

seeming juxtaposition with more distant stars, but even to a 
seeming equality of magnitude. 

This being remembered, it was to be expected that the 
distribution of the st&rs included in Argelander's tjfaarts 
would correspond much more closely to a real chance dis- 
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tributioD of so many points over a hemisphere, than where 
we considered only a comparatively small number of stars 
belonging to the leading orders of magnitude. Moreover, even 
assuming the point which I am now endeavouring to prove, 
viz. that the stars are in many cases arranged into tiie fonn of 
streams and Bprays, it would yet seem highly probable that 
all signs of these streams and sprays would be obliterated, 
simply because streams and sprays of stars would probably 
lie at very different distances in all directions, and the 
configuration of the nearer streams would be blended with 
and confuse the configuration of the more distant. 

Figs. 4 and 6 will serve to illustrate my meaning. It is 
not diffi^ll to recognise in both these figures the existence 



Fio. S. — A portion of one of Argelander'B chartB, tile centre being in abont 
26^° N. Dec., and 22h. Sm. B.A. 

of star streams and star sprays too well marked to be regarded 
as due to accident ; but yet we are led to suspect that the 
streams here seen lie at different distances, and that much 
xaore clearly marked streams would be rec(^;nised if we 
could cut off with a veil all the stars beyond a certain dis- 
tance, and obliterate altogether certain of the nearer stars. 
I would, however, recommend such of my readers as possess 
Argelander's chart to study the region around the two spaces 
pictured in figs. 4 and 5 ; when I think the conviction will 
be forced upon them that there is a much closer connection 
between the several branches of stars seen in those r^ona 
than one would have been disposed to expect among the 
orders of stars Argelander has included in his charts. 
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Many cases occur, however, in which two streams lying 
at different distances appear to cross each other in the chart ; 
and it is a somewhat noteworthy circumstance, that the 
disposition of five nearly equal stars in the form of a cross, 
thus . I . which is very seldom met with (compared with 
other simple configurations) in the complete series of charts, | 

is commonly to be noticed where two well-marked streams j 

cross each other. j 

■ 

The arrangement of the stars in the large chart, as 
respects aggregation in certain regions and segregation from 
others, is sufficiently remarkable ; but I have not space to 
dwell at length here on peculiarities of that description. 
Some of these peculiarities are associated with the configu- 
ration of the galactic stream of stars, presently to be 
briefly referred to. One, however, is so remarkable that I 
cannot refrain from here calling special attention to it. 
The Milky Way region or zone is shown in the chart to be 
exceptionally rich in stars (as W. Struve judged from 
statistical considerations) ; but instead of that gradual ten- 
dency to aggregation towards the galactic zone which Struve 
supposed to prevail, there is in many places a sudden change 
n the density of distribution, spaces close by the galaxy 
being relatively poor. But in no instance is this peculiarity 
so remarkably exemplified as in the part of the Milky Way 
near the horns of Taurus (see Plate XL). Here we have on 
one side the rich fields of the Hyades and the Pleiades, and 
on the other rich galactic fields — properly so called ; but 
between these two rich regions we have absolutely the poorest 
region in the whole of the northern heavens.^ 

Extending next our range of view so as to reach the stars 
down to the thirteenth magnitude inclusive, we have indeed 

* This peculiarity did not escape the attention of Argelander, who says: — 
Die absolut armste Gegend findet sich aber sonderbarweise nicht gar weit von 
der Milchstrasse entfernt, an den Hornern des Stiers.' 
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lees complete Burveys to consider, but yet the evidence -we 
obtain is sufficiently distinct. The zodiacal zone has been 
closely surveyed by Chacornac, Hind, and othera, with the 
object of so mapping down even the fainter stars, that the 
asteroids which traverse this region may be the more readily 
recognised. In the maps thus constructed ne find star 
streams and star sprays as well marked as in Aig^elander's 
chart. As the same general considerations apply in this 
case, it will be sufficient for me to invite attention to figs. 



Fio. 6. — A portion of one of Chacomac's ecliptic chsrto, the centre of ibe 
■pace bere shoTD beiog in 1° N. Dec, uid 23h. 43m. B.A. 

6 and 7 ; but I woidd recommend the student who may possess 
Chacomac's charts to study carefully the regions which 
surround the two spaces pictured in these figures.' 

If we pass on towards yet more remote depths, we still find 

< There is an inCercetiDg qootation at pAg« 267 of Webb'a 'Celestial 
ObjecTs,' in which Fr. Seccbi deacribek the aatDDiehmeDt with vbicb, when 
■tudjing certain gnlsctic regions, he mw apirali and currca of atara so regu- 
larly disposed aa to preclude all poaaihiiity that chance diatribulion waa in 
qQestim. 
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well-marked aigns among the itars of & tendency to form 
Btreama and aprays. Sir John Herschel has pictured some 
very singular specimenB of such streams, as seen in bis 
eighteen-iDcli reflector dming his survey of the southern 
heavens ; and doubtless, could the fields surveyed by the 
elder and younger Herschel be presented in maps, so that 
several adjacent fields could be seen at a single view, many 
other instances would be added to the list. 



>'ia. ?• — A ponkm of ona of Cbocottuc's ocliptic cbait^ the ceaire beiog ia 
H<> S., sod 23b. asm. ILA. 

It is scarcely necessary to add that the largest telescope 
ever made by man — the great Paraonatown reflector — has 
revealed even in the intricate constitution of the nebulee the 
existence of Rtreama and sprays, aometimes spiral, sometimes 
but slightly curved, sometimes disposed with singular 
regularity, at others extending in irregularly shaped branches, 
growing gradually feinter and fainter, until they are at 
length lost altogether either by diffusion or through extreme 
faintness. 

But it remains to be considered that ive have .strong 
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evidence in favour of 'the view that the Milky Way itself is 
but a stream, or rather a congeries of streams of stars. The 
evidence on which Sir William Herschel rested his theory 
that the galaxy is of the shape of a cloven flat disc, was 
abandoned by himself during the later years of his career as 
an observer ; and he recognised clearly that some of those 
rich nodules of the Milky Way which can be seen in the 
northern heavens are real aggregations of stars (not vast 
depths along which the stars are arrayed as in a sort of 
procession), and that such aggregations approach in figure 
to the spherical form. In the southern heavens Sir John 
Herschel recognised galactic regions to which Sir William 
Herschel's later mode of reasoning could be applied even 
more convincingly. Now precisely the same reasoning by 
which Sir W. Herschel was led to regard the rich clustering 
regions of the Milky Way in Cygnus as spherical in form 
sterns to show that the well-marked portions of the galactic 
streau) are really stream-shaped.. And this view of the 
galaxy, which might seem to agree ill with the usual account 
of this marvellous band of stars, accords excellentlv with the 
description given by Sir John Herschel and others who have 
most carefully studied the galaxy. More especially is it 
suggested by the aspect of the Milky Way in the southern 
heavens. For there the continuity of the zone, on which so 
much stress had been laid, is shown to be interrupted by a 
broad dark rift, a feature wholly inexplicable on the theory 
that the Milky Way is shaped like a cloven flat disc. And 
over the whole region from Argo, over the feet of the 
Centaur, to Sagittarius and Scorpio, the Milky Way as pic- 
tured by Sir John Herschel presents an appearance far more 
closely according with the theory that the Milky Way in 
this region forms a gigantic spray of stars than with any 
other that has been propounded. In the northern heavenn, 
the faintness of the Milky Way causes it to appear more uni- 

D 2 
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• 
form in structure ; but even in the northern heavens, as has 

been well pointed out by Professor Nichol, it is only on the 
most cursory examination, or when the Milky Way is studied 
under unfavourable circumstances, that it can be regarded 
as a simple zone (see Plate VI). But it is well worthy of 
notice that in my chart of 324,198 stars, the Milky Way re- 
veals itself (through the mere aggregation of stars do¥m to the 
9^th order) as a congeries of streams, with branching exten- 
sions, of which only the commencement can be recognised as 
more or less marked projections, in the best pictures of the 
northern parts of the Milky Way (see Plates XI. and XII.). 
It remains to be noticed, in conclusion, that the nebular 
system also shows the most marked tendency to stream- 
jormation when isographically charted, as in Plates III., IV., 
and V.,*and tlie tendency to stream formation is more espe- 
cially to be noticed among the southern nebulse. It is 
worthy of remark that, whereas the southern nebular streams 
converge upon the Magellanic Clouds, the northern nebular 
streams seem to extend towards the outlying streams of the 
Milky Way, as it appears in my chart of 324,198 stars. The 
evidence of a real association between stars and nebulae is 
singularly strengthened by these peculiarities of arrange- 
ment. 

From the Popular Science Bevieto for October 1871. 
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Including both hemiepheres, there are visible to the naked 
eye, under the most favourable circumstances, about 5,000, 
or at the most 6,000, fixed stars. If these and the fixed stars 
visible in the most powerful telescopes were to disappear, 
and the eye to acquire the light-gathering power of Herscbel's 
20-feet reflector, there would be seen scattered oyer the 
vault of heaven — instead of the fixed stars now visible — 
about as many nebulae — * feebly shining, doud-Iike patches, 
often of strange and fantastic forms.' 

The faint illumination of nebulae',^ the close crowding of 
stars in many that are resolvable, and other circumstances, 
have appeared to confirm the view thai these objects shin« 
from distances far beyond those of the farthest fixed stars. 
It has been considered that nebulsB are (for the most part, at 
least) aggregations of suns (* island-universes,' as a German 
philosopher has expressively termed them), forming galaxies 
similar to our own 'Milky "Way,' and reduced, notwith- 
standing the inmiensity of their dimensions, by a yet greater 
inunensity of distance, to the appearance of faint specks of 
light, which the slightest haze in our skies is sufficient to 
conceal from us. The important discoveries effected by 
Dr. Huggins, which have shown that many nebulae are 
gaseous in composition — ^nineteen out of sixty observed 
presenting the spectnim of bright lines separated by dark 
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spaces which indicates the gaseity of the source of light — 
have modified these views. Without giving absolute support 
to the speculations of Sir W. Herschel, respecting the condi- 
tion and changes of condition of nebulsB, Huggins's discoveries 
hhow that the views on which Herschel founded his specula- 
tions were well grounded. The distinctions Herschel drew 
between the different classes of nebulae have been confirmed, 
so far as jspectrum analysis has yet proceeded. Every planetary 
nebula yet observed, for instance, has been proved to be 
gaseous. The process of generalization, which had been 
commenced by many eminent astronomers, and in which 
scarcely any distinctions but those depending on the resolva- 
bility of nebulae were recognised, has been abruptly checked. 
It is to be noticed, however, that many German astronomers, 
and some, at least, of our most distinguished English 
observers (amongst others, the late Admiral Smyth) ]iad 
looked with more than doubt on the view that, with 
sufficient optical power, all nebulae are resolvable into stars. 

It is clear that Huggins's discoveries affect, not merely the 
views we must form of the constitution of nebulae, but our 
ideas of the distances at which these objects are placed, and, 
therefore, of their true magnitudes. It is with such con- 
siderations as are suggested by modem discoveries, and with 
others for which the overthrow of opinions lately thought 
well established seems to leave room, that I wish now to 
deal. Anything like a discussion of the general subject of 
nebulae, a sketch, however brief, of the history of their 
discovery, or an account of particular nebulae (save in illus- 
tration of the considerations I have to deal with), would be 
wholly out of place in this essay — occupying, as it does, the 
position of a simple preliminary dissertation, indicating re- 
sults on which sequent discussions are to be based. 

The first point I shall dwell upon is the distribution of 
nebulae over the heavens. In the present state of our know- 
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ledge, it would not be convenient to particularise classes of 
nebulsB in considering this point — though, as we shall 
presently see, there are one or two circumstances in this 
connection which cannot be wholly neglected. 

Sir John Herschel, in order to form a clear conception of 
the distribution of nebulae over the celestial sphere, adopted 
a plan similar to that illustrated in Plate III. But he 
represented the number of nebulae falling in each space by 
numbers — ^a method which does not serve to present very 
clearly the distribution of nebulae. In Plates III., IV., and 
V. I have indicated the number of nebulae falling in each 
space by dotting. Let us consider what evidence the maps 
seem to present of orderly distribution. 

In the northern heavens there will be observed a very 
decided clustering in the region between llh. and 14h. of 
E.A. This is the nebular region in Virgo,* extending over 
Coma Berenices, and the tail of Leo, curving (to the right in 
our figure) over Canes Venatici, thence (to the left) over the 
tail and hind quarters of Ursa Major, to within about 12° 
of the pole near the tail of Draco. The borders of this 
stream or cluster of nebulae extend dispersedly over the two 
Leones, Cancer, Gremini, Lynx, and Ursa Major on. one side, 
and over Bootes and Corona on the other. As there seems 
to be a decided break in the stream — or rather, perhaps, as 
the stream decidedly comes to an end near the pole — we 
must return to the point from which we commenced, and 
thence follow the stream in the contrary direction. The 
continuation of the stream presently divides into two, the 
right-hand stream passing over the left hand of Virgo, the 
tail of Hydra, and nearly the whole extent of Centaurus, to 
Crux and Musca ; the left-hand stream passing over Crater, 
to Antlia, and the mast and sails of Argo. The gap which 

* The readiest way of ascertainiDg where the constellations lie is to examine 
Plate VIII., in which the nebula and the lucid stars are included. 
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bounds the northern group seems continued, but not in quite 
so marked a manner, by the space comparatively clear of 
nebulae which runs round the right-hand stream (of the two 
just described) across the pole. Returning to the northern 
heavens we notice a less distinctly marked grouping over 
part of Perseus and Andromeda, passing (to the right) over 
the square in Pegasus to the southei*nmost of Pisces, and (to 
the left) over the band in Pisces, across Cetus, Eridanus, 
and Dorado, in a distinctly-marked stream leading to the 
Nubecula Major. The right-hand stream, which we had 
followed as far as Pisces, seems to have a continuation 
towards the Nubecula Minor, and also to throw out a convo- 
lution over the tail of Piscis Australis, over Indus et Pavo, 
towards Apus and Musca. 

There remains to be noticed a clustering of nebulae 
towards the portion of the Milky Way occupied by Scorpio. 
Sir John Herschel considers that many of these nebulae 
belong to the Milky Way, as they are wanting in the gap 
between the two branches of the galaxy in this neighbour- 
hood. 

The first inquiry which suggests itself, on a review of 
the distribution of nebulae, is the question, whether there is 
any indication of a connection between nebulae and fixed 
stars ? The theory that nebulae are galaxies similar to our 
own Milky Way would, of course, require that we should 
dissociate nebulae from any connection with our galaxy, save 
a relation corresponding to that which holds between the 
fixed stars and the sun. And further, although it would 
not be impossible that a tendency to systematic arrangement 
should be apparent among the nebulae, yet the distances 
separating nebula from nebula would (on this theory) be so 
vast, compared with the distances separating star from star, 
or even with the dimensions of our galaxy, that it would 
clearly be very improbable that such arrangement should be 
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discernible by terrestrial astronomers. As, however, the 
theory is very generally held, I shall present, as I proceed, 
some considerations which seem opposed to it. We seem, 
rather, to have evidence that most of the nebulae — ^if not all 
of them — are much nearer to us than has been commonly 
maintained. I must observe, however, that my object is 
neither to establish nor to overthrow theories, but merely to 
note some of the salient points of the subject in hand, which 
have, as it seems to me, been unduly neglected in our works 
on Popular Astronomy. 

Sir J. Herschel, after presenting the chief features of the 
distribution of nebulae, remarks that ' the general conclusion 
which may be drawn from the survey is, that the nebulous 
system is distinct from the sidereal, though involving, and, 
perhaps, to a certain extent, intermixed with the latter.' 
Setting aside the 'band of clusters' near Scorpio, already 
referred to, he considers that the distribution of nebulae is 
explained by considering the nebular region in Virgo to be 
the central condensation of a spherical (roughly speaking) 
cluster of nebulae ; that our system lies outside the denser 
part of the cluster, but is ' involved within its outlying 
members,' or ' forms an element of some one of its protube- 
rances or branches, of which the individuals are the sporadic 
nebulae confusedly scattered over the general surface of the 
heavens, and of which the prolongation towards the constella- 
tion Pisces may give rise to the apparently denser grouping 
of the nebulae in that region.' ' • 

To me these views appear wholly untenable, and I feel 
the less diffidence in expressing dissent from so high an 
authority as Sir J. Herschel, because he has elsewhere 
expressed opinions which show that he held the above 
theory by but a light grasp. If the dense mass of a cluster 
of nebulae lay in one direction, and but outlying branches in 
the other, the number of nebulae seen in the former direc- 
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tion should overwhelmingly exceed the number seen in the 
other ; whereas, at the outside, the proportion in the actual 
case is but as two to one, and even this excess is no doubt 
partly due to the fact that the southern hemisphere has 
been less thoroughly searched than the northern. And 
neither this view, nor the other solution suggested by 
Hersehel, explains the existence of a zone of the celestial 
hemisphere in which nebulae are markedly wanting. If our 
system were placed within a narrow branch, or protuberance, 
of a nebular system, the cluster in Cetus should be smaller 
than it is ; if, on the other hand, the bmnch were of such 
dimensions as our conception of the distances of nebulae 
would lead us to expect, there would not be wanting nebulae 
on every side of us. These, however, are not the objections 
on which I would mainly dwell. I shall be able to show, I 
think, that the appearance of nebulae, and the relations they 
present to the tixed stars, are opposed to the view that they 
form an independent system, of which our galaxy is but a 
member. 

Singularly enough, Sir J. Hersehel, immediately after 
exhibiting tlie views presented above, quotes (and as if in 
corroboration) an opinion of his father's, which is very 
strongly opposed to those views. He says, * It must not be 
left out of consideration, and has been distinctly remarked 
by Sir W. Hersehel, as an element of whatever speculation 
a closer attention to this subject, and a more perfect 
classification of nebular objects may lead us to indulge in, 
that the most condensed portion, and what may fairly be 
regarded as the principal nucleus of the region of Virgo, is 
situated almost precisely in one pole of the Milky Way.' 
Why, it may be asked, should the nebulae, supposing they 
really form a system of which our galaxy is but a member, 
show any tendency to aggregation about either pole of the 
Milky Way ? Assuming our galaxy to be but a member of 
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a supposed nebulous system, to expect any relation of the 
kind described would be as unreasonable as it would be for 
an astronomer on Saturn to look for a connection between 
the arrangement of the fixed stars, and the apparent position 
of the Satumian rings upon the celestial firmament. And 
therefore, if such an arrangement is actually observed, it 
must be accepted either as accidental— in which case it is 
clearly not necessary to consider it in forming a theory of 
the nebulsB ; or else we must view the arrangement as an 
evidence of a closer connection between the nebular system 
and the Milky Way than is commonly assimied to exist. 

Tracings the group or stream whose condensed region is 
iQ Virgo from its commencement near the tail of Draco, we 
find that it crosses a region rich in small stars and double 
stars. Coma Berenices, a constellation which may almost be 
termed a star-cluster, is rich in nebulae. But Ursa Major, a 
region of the heavens of exactly opposite character — a region 
in which many brilliant stars shine on a background which 
in places appears (to me at least) of unusual blackness — 
includes also a rich part of the nebular stream. Leo Minor 
exhibits several small stars, but in this constellation 
nebulae are rich where small stars (fourth magnitude) are 
wanting. In this neighbourhood the background may almost 
be termed nebulous. The rich nebular cluster in Virgo lies 
on that part of the constellation which borders on Coma 
Berenices. The region is surrounded on every side by stars 
of the third and fourth magnitude, but over the region 
itself stars are rather markedly absent. Crossing the 
equator, we find that the stream shows a decided preference 
for regions in which visible stars are scarce. Thus over 
Corvus and Crater, where lucid stars are closely clustered, 
there is a gap in the nebular stream, and the rich cluster 
near the break in the Milky Way occupies the blank 
region mentioned in the preceding essay (see page 9) 
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--a region than which there is none more desolate 
(so far as lucid stars are concerned) in the whole heavens. 
The neighbouring region, crossed by the brightest part of 
the Milky Way, and by a brilliant array of lucid stars, 
exhibits but few nebulae. 

Turning to the less-marked nebular cluster, whose 
greatest condensation is in Cetus, we find in its nortliem 
part a rich display of nebube over parts of Perseus and 
Andromeda, in (or aroimd) which lucid stars are thickly 
clustered. Near the equator (on the southern side) we find 
nebulae distributed richly over a region in which are many 
stars of all magnitudes, including many double-stars, and one 
noted variable. Of the two streams into which the nebular 
system here divides, one follows the windings of Eridanus, 
with an apparent preference for the spaces clear of stars 
around which that star-stream travels ; the other forms 
itself into a cluster which occupies a space almost as blank 
of lucid stars at that between Hydra and the Milky Way. 

When we consider those regions of the heavens in which 
nebulae are markedly deficient, we find an arrangement 
which cannot be wholly accidental. I refer to the zone, very 
marked in the northern hemisphere, and not indistinctly 
traceable in the southern, which has been already described. 
This zone is not quite coincident, in direction, with the 
Milky Way, but follows almost exactly a circular band, 
which includes more lucid stars than any corresponding 
band on the heavens. In fact, if we neglect nebulae which 
may fairly be considered to belong to the Milky Way itself, 
we may fairly say that the zone includes Canis Major, Orion, 
Taurus, Auriga, Perseus, Cassiopeia, the richer parts of 
Cepheus and Draco, Lyra, Scorpio, and finally, the rich 
region in Argo already mentioned. 

Now, it appears to me that those who have speculated on 
the subject of nebulae have been too apt to content them- 
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selves by looking for zones and streams of aggregation, not 
noticing apparently that zones along which nebulae are 
sparingly distributed, may be as marked indications of 
systematic distribution as zones of aggregation. I consider 
that the zone mentioned in the preceding paragraph is a 
phenomenon scarcely less distinct in character than the 
zone of the Milky Way itself; and I look on the connection 
• between the former zone and the zone of brilliant stars as a 
very noteworthy circumstance. 

I may remark in this connection that much less stress 
than the nature of the phenomenon fairly warrants, has 
been laid on the peculiarity that scarcely a single lucid star 
occm's within the gaps and cavities in the Milky Way. While 
stars are clustered in the borders of these spaces, within 
there is such a vacancy that one cavity is called the Coalsack, 
another is called by Sir W. Herschel ' an opening into space,' 
and Sir John Herschel, speaking of the vacant region near a 
Centuuri, tells us that in his powerful telescope he found 
several fields wholly blank. There is not a single star ot 
greater magnitude than the fifth within a cavity in the 
Milky Way, or between the two streams where the galaxy is 
double ; and there are not ten stars of the fifth magnitude 
so situated. This will appear the more remarkable when we 
remember that, according to the stratum theory of the 
Milky Way, these regions ought to be very rich in stars of 
all magnitudes. 

It has been already noted by astronomers that all nebulae 
of irregular form and gi'eat extent are found along a zone 
nearly coinciding in direction with tlie Milky Way. The 
great circle along which such nebulae are actually found is, 
in fact, no other than that along which nebulae in general 
are conspicuously wanting. It is also worth noticing that 
where this zone, and the zone of the Milky Way intersect, we 
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iind the singular nebula round 17 Argus in one hemisphere, 
and in the other the remarkable nebular region in Gygnos. 

The discovery that the great irregular nebula in Orion is 
gaseous, renders it probable that the other irregidar nebulae 
are so likewise. Whether they are so or not, it is clear that 
they are totally different in character from regular nebulaB. 
Therefore, we may look on their aggregation on the great 
circle along which few nebulae are found as a circumstance 
(1) not opposed to the evidence of systematic distribution 
founded on that peculiarity; (2) as itself indicative of 
a law associating nebulae with the stellar system. 

One peculiarity of the irregular nebulae deserves to be 
especially dwelt upon. All of them exhibit a tendency to 
arrange themselves around fixed stars. Consider, first, the 
nebula in Argo. In the first place, there is the actual 
aggregation of stars near the very region of the nebula — a 
fact which is per ae remarkable, though not alone sufficient to 
indicate the connection I am seeking to exhibit. ' It is not 
easy,' says Sir J. Herschel, ' for language to convey a full 
impression of the beauty and sublimity of the spectacle 
which this nebula offers, as it enters the field of view of a 
telescope fixed in Right Ascension, by the diurnal motion, 
ushered in as it is by so glorious and innumerable a procession 
of bright stars to which it forma a aort of climax,^ ' One 
other bright and very remarkably formed nebvXa of con- 
siderable magnitude jprecedea it nearly on the aam^ parallel^ 
h\it without any traceable connection between them,^ I have 
italicized this last quotation, (1) because it points to a 
phenomenon observed in all the irregular nebulae, of 
associated but not always distinctly connected nebulae ; (2) 
because the association of two irregular nebulae with the 
same stream of bright stars is well worthy of attentive 
notice. 

But it is when we examine the features of the nebula 
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that its association with the starry background becomes most 
clearly apparent. In the small map of the nebula given in 
HerscheFs Astronomy the relation is not satisfactorily pre- 
sented, but in the large map of which the former is a re- 
duction we find the following peculiarities : — 

The central and most condensed part of the nebula 
exhibits a vacuity of singular, but regular form, described 
by Herschel as a lemniscate-oval, but in reality more complex 
than this description implies. The brilliancy of the nebula 
is much greater on one side of this vacuity than on the 
other. In the middle of the bright region is situate the 
remarkable variable 17 Argus— a star marked in Halley's 
Catalogue as of the fourth magnitude, but which has been 
known to surpass Canopus, and even to approach Sirius in 
magnitude. Around the vacuity there are marked in no 
less than twelve stars, either exactly on, or very close to the 
border. One of these is just within the vacuity ; but besides 
this star, which may fairly be termed a border-star, there is 
not a single star within the opening. On the other hand, 
there may be counted, besides the twelve stars above named, 
no less than fifty-four stars on the nebulous region around 
the opening. From the central part of the nebula there 
extend a number of nebulous streams, ' of whose capricious 
forms and irregular gradations it would be impossible to give 
any just idea.' But one peculiarity is noticeable throughout 
the convolutions and contortions of these irregular streams 
— viz., that an the nebulous portions stars are common, on 
the parts clear of nebula stars are either wholly wanting or 
very sparingly distributed. And those stars which do occur 
in apparently blank regions, yet appear evidently associated 
with nebulous streams and projections pointing directly to- 
wards them. The connection is so marked that I cannot 
imderstand how it can have escaped the notice of so sagacious 
an observer as Herschel ; or rather how, noticing the phe- 
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nomenon, he should npt have recognised the evidence it 
afforded of a connection between the nebula and the fixed 
stars seen in the same field. There is not a single remark* 
able condensation or projection in the nebula which is not 
marked by bright or clustering stars, by stars which appear 
clearly to be leadmg stara^ and there are not ten stars out of 
some hundreds entered, whose influence on the nebula is not 
clearly discernible. If the fainter portions of the nebula 
were examined with more powerful telescopes, I believe that 
even these stars would be found to be associated with the 
nebula. 

As respects the great nebula in Orion, I remark that, 
while the proportion of stars whose connection with the 
nebula has not been traced is somewhat greater, yet nearly 
every marked condensation in the nebula is associated with 
conspicuous stars (that is, with stars conspicuous among 
those visible in the same field of view with the nebula). 
Every telescopist also is familiar with the fact, that the 
central condensation of the nebula clusters round the 
trapezium of stars, within which there is either no nebulous 
light or very little. The association is not likely to be an 
accidental one. Herschel himself remarks that the star « 
Orionis is involved in strong nebulosity, ' probably connected 
with the great nebula,' while he was able to trace a fieiint 
extension of the nebula as far as the double star i Orionis, 
which it involves, so that the star is rendered nebulous. 

Turn we now to the region of irregular nebulse of 
Sagittarius. The first nebula mentioned by Sir J. Herschel 
is described by him as ' singularly trifid, consisting of three 
bright and irregularly formed nebulous masses, graduating 
away insensibly externally, but coming up to a great intensity 
of light at their interior edges, where they enclose and 
surround a sort of three-forked rift, or vacant area, abruptly 
and imcouthly crooked, and quite void of nebulous light. 
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A beautiful triple star is situated precisely on the edge of 
one of these nebulous masses, just where the interior 
vacancy forks out into two channels. A fourth nebulous 
mass spreads like a fan or downy plume from a star, at a 
little distance from the triple nebula/ Another (8 Messier), 
he describes as ' a collection of nebulous folds and masses, 
surrounding and including a nimiber of oval dark vacancies, 
and in one place coming up to so great a degree of bright- 
ness as to offer the appearance of an elongated nucleus. 
Superposed upon this nebula, and extendmg in one direc- 
tion beyond its area, is a jine and rich, cH/uster of scattered 
stars, which seem to have no connection with it, as the 
nebula does not, as in the region of Orion, show any 
tendency to congregate about the stars.^ Herschel gives a 
view, however, of the nebula and star-cluster which, it is 
not too much to say, is wholly irreconcilable with the 
opinions here expressed. Not only are the two brightest 
stars of the cluster placed exactly upon the 'elongated 
nucleus,' but every ' fold and mass ' of the nebula is asso- 
ciated with a region of greater richness in the cluster. 

As respects the fourth and last nebula, that of Cygnus, I 
may simply quote Sir J. Herschel. He describes the region 
as ' consisting, first, of a long, narrow, curved, and forked 
streak, and, secondly, of a cellular eflTusion of great extent, 
in which the Tiebula occurs intermdsced xvith, and adhering 
to, stars around the borders of the ceUs, while their interior 
is free from nebula, and almost so from stars.^ 

I have already drawn out this paper to a much greater 
length than I had proposed, and yet seem scarcely to 
have entered upon my subject. Let me, instead of proceed- 
ing to treat cursorily of the remaining branches of that 
subject, here pause and * report progress.' We have found a 
law of aggregation of nebulae in regions removed from the 
Milky Way, and thus a law of contrast, which amounts in 

E 
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reality to a law of connection between nebulsB and the stany 
system. We have found that, in the southern hemisphere, 
this law of contrast is further exhibited in an aggregation of 
nebulsB over regions in which stars are wanting, and vice 
veraA; lastly, we have seen that over a z<me of the heavens 
in which nebukB are all but absolutely wanting, there is a 
marked aggregation of lucid stars, that on the same zone 
all the irr^ular nebulie are collected, and that these 
irr^uUr nebulae, all occurring in regions very richly bestrewn 
with fixed stars, exhibit in their configuration a correspon- 
dence with the configuration of the fixed stars in the same 
field, which cannot be wholly accidentaL 

From the 8tudmU for March 1868. 
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A NEW THEORY OF THE UNIVERSE. 

The present century has been remarkable for the progress 
which has been made in all departments of astronomy. 
Within the solar system, within the sidereal or galactic 
system, and within the yet wider range ascribed to the 
nebular system, discoveries of the most important character 
have been effected. There is a singular contrast, however, 
between the amount of positive knowledge which has been 
deduced from observational labours within the solar domain, 
and the somewhat vague ideas which astronomers are content 
to hold respecting sidereal space. I shall endeavour to ex- 
hibit the fulness of this contrast, and then to point out some 
of the more remarkable consequences which seem to flow 
from modem observations within the stellar and nebular 
domains. 

At the end of the last century astronomers recognised in 
the solar system a mechanism of an uniform and symmetrical 
character. Around a central orb they saw revolving a family 
of dependent globes, vast in their absolute dimensions, but 
minute in comparison with the massive globe which sways 
their movements. Amongst these bodies they saw several 
attended upon by yet smaller globes, forming secondary 
systems, which resemble in many respects the great system 
of which the Sun is the controlling centre. The late dis- 
covery of Uranus had led them to recognise the possibility 

b2 
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that beyond the known planets there may exist others, perhaps 
by no means the least important members of the solar 
system. Little was known, however, that differed in kind 
from what had been known to Aratus, Hipparchus, or 
Ptolemy. When we have named the ring of Saturn and a 
few periodic comets, which were looked on rather as acci- 
dental solar attendants than as forming a normal feature of 
the system, we have mentioned all that the three last cen- 
turies had revealed which differed in character from what 
had been recognised for two thousand years. 

Very startling is the contrast when we turn to consider 
the views at present held respecting the solar domain. We 
no longer see a system which, however complex, might yet 
be very adequately represented by human mechanisms. We 
recognise, within a sphere exceeding manifold in diameter 
the orbit of distant Neptune, a variety and complexity of 
formation of which the human mind is unable to form 
adequate conceptions. 

The increase in the number of primary attendants upon 
the Sun, though far from being the most remarkable dis- 
covery which has been made during the present century, is 
well worth dwelling upon for a moment. Lately the 98th 
asteroid was discovered (see date of this essay), and yet it was 
but on the opening day of the century that the first of these 
bodies was discovered. In these new members of the solar 
system we recognise characteristics which had not hitherto 
been presented to the notice of astronomers. We see a 
series of bodies, primaries of the planetary system, which 
yet, instead of travelling in distinct and widely-separated 
orbits, revolve in paths closely interwoven. Even when but 
forty had been discovered it was truly said that if each orbit 
were represented by a hoop; it would be impossible to lift 
any one of these hoops without lifting the whole set. We 
may fairly assume that for each discovered asteroid there are 
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'to be reckoned tens, perhaps hundreds, which will remain 
for ever undiscovered. 

It has been found, also, that there exist within the solar 
system myriads of dependent comets. Eevolving around the 
Sun in orbits of the most varied figure, differing among 
themselves in size and character, and presenting — son^ of 
them — the most singular phenomena that have ever re- 
warded astronqmical observation, these objects remain among 
the mysteries of science. The only two which have as yet 
been submitted to the searching analysis of the spectroscope 
are found to consist of a gaseous nucleus attended by a coma 
which probably shines by reflected light ; but whether this 
is the case with all or even the generality of comets it would 
be assuming too much to assert. 

The most remarkable feature ' of modem astronomical 
discovery remains yet to be mentioned. A phenomenon 
which men had long been in the habit of looking upon as a 
meteorological one has been at length recognised in its true 
light, and has been found wonderfully to enhance our appre- 
ciation of the complexity of the .systems which exist within 
the solar domain. Meteors^ shooting-stars, and aerolites 
have taken their place among the attendants of the Sun ; 
and in several instances the orbits they have followed before 
they reached the Earth ]^ve been approximately determined. 

But it is rather as members of systems than as individual 
bodies, that these objects acquire their chief interest and 
meaning. There was not much, perhaps, to attract atten- 
tion to them when they were supposed to form one or two 
rings occupying a position in space very nearly coincident 
with that of the Earth's orbit. But it has now been placed 
beyond a doubt that the Earth encounters fifty-six systems, 
at least, of these small bodies* And these systems are found 
(in the only instances yet examined) to be — not circular 
rings — but ovals of great eccentricity extending far into 
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spacer— even in some cases beyond the orbits of Uranus and 
Neptune. It is clear, then, that we can no longer look on 
these systems as resembling, in the remotest degree, the 
asteroidal zone. We are forced, too, to take into considera- 
tion an important question of probability. What is the 
likelihood that if there were but a few hundreds of such 
systems, the Earth would encounter so many as fifty-six ? 
(See date of article). The probability may be reckoned ' al- 
most at naked nothing.' And therefore we are compelled to 
admit as a Intimate a posteriori deduction, the extreme 
probability, we may almost say the certainty, that such 
systems are to be reckoned — ^not by hundreds and thousands 
— but by millions on millions. 

Nor is this all. Within the last few months the startling 
discovery has been made that two of the meteorie systems at 
least, and probably many others, coincide throughout their 
calculated extent with the orbits of known comets. Accord- 
ingly we are led to trace an intimate connection, if not an 
abriolute identity, between comets and shooting^star systems. 
And when we find that a system, which has afforded such 
grand displays of star-falls as the well-known November 
shooting^star system, is identified — ^not with a large and con- 
spicuous comet — but with one which has only lately been 
detected, though it must have been in close proximity to the 
earth some thirty times during the last thousand years, with 
a comet, in feet, which is absolutely invisible to the naked 
eye, and far from being a conspicuous object in powerful 
telescopes, we are led to recognise the importance of such 
comets as Newton's, Halley's, and Donati's. 

The result to which these considerations lead is clearly 
this : — 

The interplanetary spaces, so far from being looked upon 
as untenanted, save by an occasional wandering comet, must 
be considered as crowded with various forms of cosmical 
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matter. I would not be understood as using the term 
'crowded' in a sense implying absolute proximity between 
the various members of the cometic or meteoric systems. 
On the contrary, the evidence that we have assures us that 
the sum of the volumes of all the members of a system must 
bear an indefinitely small proportion to the total space oc- 
cupied by the system. But if an eye, armed with new 
powers of vision, and placed at some tax distant point, could 
see at one glance all the systems which occupy the solar 
domain, they would appear as a complicated network formed 
by interlacing streams of cosmical dust. And amidst the 
streams of misty light representing cometic or meteoric 
systems, the planets would shine forth as distinctly and as 
brilliantly as the brighter stars upon the background of the 
Milky Way. 

Nor does it seem difficult to determine the general laws 
according to which the density or compactness of the inter- 
woven streams would seem — to an eye placed as we have sup- 
posed — ^to vary with distance from the central orb. 

Proceeding from the outermost parts of the system 
towards the Sun, we may conceive that there is in the more 
remote regions a gradual condensation, but that this increase 
of density becomes much more rapid in the inmiediate 
neighbourhood of the Sun. This is not the only law, how- 
ever, according to which the density of matter distributed 
throughout the solar domain must be supposed to increase. 
There is a certain plane near which all the primary members 
of the solar system are observed to move. In the asteroidal 
£Eunily, whose members depart more freely than the larger 
planets from this great central plane, there is, nevertheless, 
a distinctly marked obedience to the general law of aggre- 
gation in its neighbourhood. Three-fourths of the asteroids 
revolve in orbits less than ten degrees inclined to the medial 
plane, and there are not ten of. them whose orbits are in- 
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clined so much as twenty degrees. Now, on a first view of 
cometic relations, we notice scarcely any trace of a tendency to 
aggregation near the medial plane of the solar system. Nay, 
80 far is this from being the case, that among several hun- 
dreds of comets whose orbits have been determined, a decided 
tendency of a very different character has been noticed. If 
we suppose the Sun to lie at the common vertex of a double 
cone having a semi-vertical angle of forty-five degteeSj and 
its axis perpendicular to the medial plane, then the planes of 
cometic orbits exhibit a tendency to present themselves as 
tangent-planes to this imaginary cone.^ But when we 
consider cometic orbits more closely, we find abundant 
evidence of a tendency amongst those comets which are 
nearest to the Sun to aggregate around the medial plane of 
the solar system. There are some twenty comets which have 
been recognised as travelling within the orbit of Saturn. 
Among these there are only two whose orbits are inclined more 
than fifteen degrees to the medial plane of the solar system. 
Now there is no reason whatever for supposing that there are 
not multitudes of imdetected comets whose perihelia lie £Btr 

* This tendency has been pointed out by one of onr most distingnished 
modem astronomers. As it seems impossible to suggest any rational explana- 
tion of so remarkable a pe<*Qliarity — for we have to explain, not merely the 
fact that the orbit-planes show no tendency to coincidence with the medial plane, 
but also the fact that the medial plane should be connected in any way with 
cometic orbits — one seems permitted to question whether the peculiarity is 
real, or only apparent Now, if we remember that, catena paribus, the greater 
the inclination of a comet to the plane of the ecliptic (virtually coincident with 
the medial plane of the solar system) the greater the antecedent probability 
that the comet will be detected, we may recognise a cause for the observed 
peculiarity, independently of any real peculiarity in the arrangement of cometic 
orbits. A gradual diminution in the number of orbits as we leave the plane of 
the ecliptic, in combination with this gradual increase in the probability of 
detection, might very well lead to such a result as we have specified. Ac- 
cording to the law of decrease or increase respectively, the variation in the 
numerical distribution of observed cometic orbits might point to the existence 
of a maximum at any assigned inclination to the ecliptic. 

The tendency in question is so far from being strongly marked that this con- 
sideration may, for the present, be held to be a sufficient explanation. 
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nearer to the Sun than any yet discovered. On the 
contrary, we have distinct evidence of a rapid increase in the 
number of perihelia, with decrease of distance down to 
and within the neighbourhood of the Earth's orbit ; ^ and, 
remembering the probability that comets whose perihelia 
lie nearer to the Sun would escape observation altogether, 
we have every reason for supposing that this Ikw of increase 
is continued — as why should it change ? — aright up to the 
inunediate neighbourhood of the Sun. And further, we 
may confidently assume that that obedience to planetary laws 
which, as we have seen, begins to be exhibited by comets 
within the orbit of Saturn, becomes yet more marked 
among comets nearer to the Sun. Therefore, it seems 
highly probable that cometic orbits, and especially those 
which are nearest to the Sun, show a marked tendency 
towards aggregation near the medial plane of the solar system. 
A celestial phenomenon, of which we have not hitherto 
spoken, appears to gain a far easier explanation from the 
considerations above adduced, than from the theories 
ordinarily adopted respecting it. The zodiacal light has 
been accounted for in three ways. There are some who hold 
that it is an atmosphere of the sun ; others that it consists 
of a ring of cosmical particles, travelling around him in a 
nearly circular orbit ; and others that it consists of a 
lenticular disc of cosmical dust, each portion of which travels 
in a nearly circular orbit. The remarkable phenomena 
presented by the zodiacal light, its strangely fluctuating 
figure, its varying position, and the singular increase and 
diminution noticed in its distinctness, are not accounted for 
by any of these theories. But if we recognise in the 



* Thus, oat of one hundred obseired oometo, fifty-eight have perihelia be- 
tween forty millions and a bundled millions of miles from the Sud, twenty 
bare a less perihelion distance, and four only have a perihelion distance ex- 
ceeding one hundred and sixty millions of miles. 
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zodiacal light merely the effect of the above-ooiiBidered 
aggregation among the oometic or meteoric systems which 
exist within the solar domain, the variations I have mentioned 
become readily explicable. A multitude of bodies travelling 
in orbits of every degree of ellipticity and magnitude, but 
with a marked aggregation in the neighbourhood of the Sun, 
and with a yet more marked aggregation in the neighbour- 
hood of the medial plane of the solar system, would, in the 
first place, exhibit precisely such an appearance as the 
zodiacal light ; and, in the second place, the general illumi- 
nation TCRulting from the congregated comets would be liable 
to continual variation. Comets would be continually 
arriving within and passing away from the region within 
which their light would assist in forming the appearance we 
are considering. At one time the press of arrivals would 
temporarily increase the density of cometic aggregation ; at 
another, the reverse would hold for a while, and the zodiacal 
light would wax and wane accordingly, precisely as it is 
observed to do. So also its figure and apparent position 
would be liable to changes corresponding to those which are 
actually presented. Therefore, without denying positively 
that the zodiacal light is caused by the existence of a 
multitude of minute bodies travelling in orbits of small 
eccentricity aroimd. the Sun, I hold that the phenomena 
correspond far more closely with those which would be 
presented if there is in the neighbourhood of the Sun a 
great increase in the density with which cometic and 
meteoric systems are congregated together in the neighbour- 
hood of the medial plane of the solar system. And this 
correspondence becomes a strong argument in favour of such 
an increase of density when it is remembered that, as we 
have seen, there exist independent reasons for believiDg an 
aggregation of this sort to be not only possible, but highly 
probable. 
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But whatever opinion we may form on this and kindred 
questions, there is no dubiety whatever about the general 
results which have been presented above. Our conceptions 
of the solar domain are different, indeed, from those formed 
of old. < There was true prophecy,' as has been well re- 
marked by the late Professor Nichol, ' in the exclamation of 
Laplace, who, although knowing more of the celestial 
mechanism than any man then living, said earnestly, on his 
death bed, ^ That which we know is little ; that which we 
know not is immense." ' 

When we turn to examine the views which were held 
respecting the sidereal system at the commencement of the 
present century we find that they are distinguished by no 
very marked points of difference from those at present 
entertained. Yet have many important discoveries been 
made in the interval, which seem to suggest a modification, 
in many respects, of the views which have so long held their 
ground. What these are I proceed to point out. 

So soon as the Copemican theory had become thoroughly 
established, and had been supplemented by adequate concep- 
tions of the dimensions of the Earth's orbit round the Sun, 
it became manifest that the stars must be placed at an 
enormous distance from the solar system. That the motion 
of the Earth in an orbit one hundred and eighty millions of 
miles in diameter, should produce no appreciable effect on 
the configuration of the 'constellations, could be explained 
in no other way than by supposing that an orbit of these 
dimensions, viewed firom the nearest fixed star, would 
scarcely present appreciable proportions. And when the 
nicest observation with the most accurate instruments which 
were then procurable, showed that any parallactic displace- 
ments which may exist among the stars, are insensible, 
or, at any rate. Ml ^hort of recognised instrumental errors, 
astronomers were compelled yet further to extend their con- 
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ceptions of the immensity of the interval which separates 
the Sun from the nearest fixed star. 

Accordingly, the notion that each visible star may be a 
Sun, in magnitude and splendour equal to, or perhaps excel- 
ling our own, was early recognised by astronomers as not 
merely reconcilable with the apparent minuteness of the 
stars, but as suggested by a comparison of the brilliancy of 
their light at the enormous distance we have referred to, 
with the splendour of the great luminary of our system. 
And it was seen that the great variety of lustre which is 
observed among the stars is no evidence of any corresponding 
variety in their real magnitudes, but may be readily ex- 
plained by the supposition that the stars are placed at 
different distances &om the Sun. Perhaps astronomers in 
this respect fell into the opposite error, and were too ready 
to assume diversity of distance as the sole, or almost the 
sole, explanation of difference of lustre. ^ The supposition,' 
says a modern writer, ^ has been usually adopted ; and we 
accordingly consider the stars to derive their variety of 
lustre almost entirely firom their places in the universe 
being at various distances from us.' Here we may apply 
the first lesson which is taught us by a consideration of the 
solar system; and firom the analogy of that system, with 
the infinite diversity of magnitude presented among its 
various members, we may learn to expect a corresponding 
diversity among the components of the great sidereal system. 

When the considerations which had been applied to the 
scattered stars visible either to the naked eye or with the 
telescope, came to be extended to that vast irregular annulus 
of nebular light called the galaxy, or Milky Way, the most 
startling conceptions were suggested of the enormous extent 
of the sidereal system. This remarkable zone had from the 
earliest ages engaged the attention of astronomers. Long 
before Galileo had resolved portions of it into stars. 
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Democritus had maintained just views respecting its 
structure. Manilius also suggested — 

An major denek stellAniin turba coronA 
Gontexit flammas, et crasso lumine candet» 
Et ftUgore nitet oollato clarior orbis. 

Regarded, however, as a zone of auna, this phenomenon 
acquired a new and astounding significance. If we could 
suppose a multitude of sims resembling our own to be so 
closely compacted together as the component stars of the 
Milky Way appear to be, there must result an inconceivable 
splendour in those far distant regions ; if, on the other hand, 
the orbs which seem to lie in such close order, are in reality 
separated by distances comparable with those which separate 
the Sun from the nearest fixed star, how inconceivably distant 
must they lie from us, that such intervals as these should be 
diminished to evanescence I The last supposition has been 
the one universally accepted by astronomers. Of the two it 
clearly accounts best for the observed appearance of the 
galaxy. I shall presently have occasion to show the 
probability, if not the certainty, that neither view represents 
the relations which actually subsist among the stellar com- 
ponents of the Milky Way. 

The phenomena presented by this zone of nebulous light 
are intimately associated with the remarkable researches of 
Sir WiUiam Herschel among the fixed stars. This eminent 
astronomer, in whom were presented all the qualifications 
required to constitute a first-class observer, side by side with 
that power of systematic reasoning on observed fiacts which 
so seldom accompanies the highest observing powers, was 
early fired by the bold ambition to gauge the depths of our 
sidereal system. He cast i^ide the notion, which had been 
held, almost unquestioned, till his day, that the stars of that 
system extend on every side to an infinite distance. He saw 
that the existence of a Milky Way affords evidence that the 
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sidereal system has definite bounds ; and he quickly grasped 
at the only method which is available for the determination 
of its figure. ^ This great, inspired, and cautious observer,' 
says Humboldt, < first cast the plumb-line into the depths of 
heaven, to determine the boundaries and the form of the 
separate cluster of stars which we inhabit.' It has been said 
of hiTTi that ' he broke through the barriers of the heavens 
{ccBloTrum perrupit dauatray and we shall presently see in 
what sense these words have been used. But it must not be 
forgotten that to his labours and to those of his son are due 
the ideas we at present hold of what those barriers are. He 
was at once the Romulus and the Remus of astronomy ; he 
marked out the limits of our system, and he showed how man 
might boldly venture beyond those limits into the domain of 
the illimitable. 

Herschel's method of gauging the sidereal heavens has 
been long and deservedly the theme of admiration. The 
boldness and originality of the conception, and the unwearying 
perseverance with which the laborious processes involved were 
carried out — by the elder Herschel over the northern hemi- 
sphere and by the younger over the southern — are unexampled 
in the history of observational astronomy. Assuming a 
certain approach to uniformity in the distribution of the 
stars, and also (for this is very important) that there is no 
such law of extinction of light in traversing great distances 
as would prevent a telescope of great power from penetrating 
the full depths of the system in every direction, it is clear 
that a very simple process will serve to indicate the relative 
distance of the observer from different parts of the system's 
exterior sur£eu». This method and its results have already 
been discussed in the pages of a preceding essay. We have 
seen that the labours of the two Herschels seem to show that 
the stellar system forms a flattish disc of stars, whose central 
plane corresponds with that of the Milky Way. In one 
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direction this disc is cloven, and those parts of the heavens 
which lie opposite the two divisions of the stellar disc are 
occupied by a double stream of milky light. 

We have seen also that Herschel soon recognised a 
complexity in the structure of the Sidereal System, which 
prevented him from r^;arding the figure of a cloven disc as 
any save the roughest representation of the galactic system. 
He saw that in portions of the Milky Way the stars exhibit 
a tendency to form themselves into clustering groups, and he 
saw that a tendency of this sort would be quite suiBBcient to 
vitiate, not merely those gauges which were made in the 
direction of the clustering stars themselves, but also those 
made in neighbouring regions; for where the stars were 
clustering together, the star-gaugings would indicate a depth 
not really presented by the sidereal system in that direction, 
and the regions in which stars were more sparsely strewn 
(owing to the influence of neighbouring aggregations) would 
also give &lse evidence, but of an opposite kind, respecting 
the depth of the system. 

Some of the peculiarities presented by the Sidereal 
System must now engage our attention. 

In some regions of the Sidereal System extremely minute 
stars are seen, so sparsely distributed as to fall very far short 
of the number which ought to be seen if the system extends 
to the distance indicated (on the usual theories) by the 
minuteness of these objects, very far short, in &ct, of the 
number actually seen in other fields not more richly strewn 
with stars of less minuteness. We seem compelled therefore 
to assume, either that these very minute stars are actually 
intermingled with the larger stars which appear in the same 
field, or that the galactic system thins off rapidly near its 
edges. In other words, we must either abandon the notion 
of any approach to uniformity in star-magnitudes, or we 
must concede a want of uniformity in stellar distribution. 
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near the boundaries, at any rate, of the galactic system.^ 
We are, of course, also free to assume a want of uniformity 
in both respects. 

In other regions a yet more noteworthy phenomenon 
presents itself. The stars seen over the ground of the 
heavens exhibit an almost uniform lustre, and at the same 
time a very even distribution. In such a case we are bound 
to assimie a reed uniformity, both in the magnitude of the 
individual stars and in the distances which separate them. 
For the actual uniformity of apparent magnitude can only 
result from a real uniformity, or from such a distribution of 
unequal stars at distances proportioned to their magnitude 
as is wholly improbable. And it is in an equal degree im- 
probable that, if the distances between the component stars 
were unequal, a peculiarity of arrangement should result in 
presenting to us the appearance of uniform distribution. It 
appears to me that there is no way of escaping from the con- 
clusion accepted by Sir John Herschel, that we are here 
' looking through a sheet of stars nearly of a size, and of no 
great thickness compared with the distance which separates 
them &om us.' 

In other cases a double phenomenon of the kind just 
described is presented, leading to the conclusion ' that in 
such cases we look through two sidereal sheets separated by 
a starless interval.' 

It is hardly necessary to point out that the uniformity 
evidenced by these peculiarities is of a very different kind 
from that which the elder Herschel took as the basis of his 



' It is BiDgular that Sir John Herschel omits all notice of the second, and 
perhaps the more probable alternative. * In those regions,' he writes, ' where 
the Milky Way is clearly resolved into stars weU separated, and seen projected 
on a black ground* (the italics are his), 'and whereby consequence it is oertam 
that we look out beyond them into space, the smallest visible stars appear 
as sucJi, not by reason of excessive distance^ bnt of a zeal inferiority of size or 
brightness. 
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star-gaugiDgs. His results were obtained on the supposition 
that there are no such starless intervals as must necessarily 
be assumed to lie on either side of the ^ star-sheets ' of Sir 
John Herschel. 

Another law has been detected in the aggr^^tion of 
stars, a law which tends rather to modify than to negative 
the results of Herschel's star-gauging. Among the possible 
explanations of the existence of a galactic zone, there is 
clearly this one, — that, in place of a great extension of our 
system in the direction indicated by that zone, there exists a 
real condensation of stars in that direction. To determine 
whether such a condensation, or a condensation of any sort, 
exists in the neighbourhood of the Milky Way, it is necessary 
to compare not merely the number of stars visible in dif- 
ferent fields of view, but the number of stars of the same 
apparent magnitude. That is, it is necessary to take into 
account the relative distance of the stars as supposed to be 
indicated by their relative lustre. This has been done for 
all orders of stars down to the ninth, inclusive, by the elder 
Struve. He has shown that there is a marked condensation 
of stars towards the plane of the galactic circle ; a condensa- 
tion, however, which, as might be anticipated, is far from 
being sufScient, per se, to accoimt for the observed increase 
of light in that direction. In other words, we are still bound 
to accept a considerable extension of our system in the 
galactic plane as fairly deducible from the gauges of Sir W. 
Herschel, but we have a secondary cause for the law observed 
in those gauges which is not to be neglected when we are 
attempting to realize the actual constitution of the sidereal 
system. It may be noticed in passing that the condensation 
detected by Struve is more marked among the smaller stars ; 
but is not whoUy wanting among the stars of the first four 
or five magnitudes. Sir John Herschel's gauges in the 
southern hemisphere gave a different result, and he holds 

Y 
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that it is only as we approach the sphere of the telescopic 
stars that we obtain any appreciable indications of condensa- 
tion. The difference between the two hemispheres in this 
respect is worth noticing, and may be looked upon as con- 
nected with another peculiarity mentioned by Sir John 
Herschel, viz., the greater richness of the southern hemi- 
sphere in stars of all orders. 

We see, then, that in many important respects Herschel's 
first supposition, that there exists an approach to uniformity 
in the magnitudes of stars, and in their distribution through- 
out our system, is found not to be consistent with observed 
facts. Let us next consider his second supposition, or I 
believe we should be more correct in saying his tacit 
assumption, that there is no appreciable extinction of light 
in traversing interstellar space. The considerations con- 
nected with this question are of great importance and 
interest. 

It may seem at first sight, and has been maintained by 
many eminent scientific men, that if infinite space is 
occupied by an infinite number of stars, whose average 
intrinsic lustre is equal to that of our own Sun, then, unless 
light suffer extinction in its progress through celestial regions, 
the whole sky would everywhere appear as brilliant as the solar 
disc. Indeed it may be proved that an uniform distribution 
of such suns, at whatever common distance, and whatever 
their mean magnitude, must inevitably lead to an illumina- 
tion of this sort unless light be gradually extinguished as 
supposed. Or again, if we suppose that the system of stars 
whereof our Sun is a member is limited on every side, but 
that an infinite number of such systems exist uniformly 
distributed, at whatever common interval, throughout space, 
the same result would inevitably follow. Now, wholly incom- 
prehensible as the idea of infinite space is to our finite 
minds, we cannot escape the admission of its existence. 
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The only question for us is between an infinity of occupied 
space, and an infinity of vacant space, surrounding a finite 
universe. Either idea is equally incomprehensible ; but the 
former is merely beycmd, the latter seems contra/ry to reason. 
It would seem, therefore, as if we were compeUed to accept 
the gradual extinction of light as the only possible explana- 
tion of the darkness of the background on which the stars 
appear to be projected. 

But there is another way in which we may explain the 
darkness of the sky at night, without assuming either the 
extinction of light, or that occupied space is an infinitely 
minute speck amidst an infinity of vacant space. So fisir as 
I am aware, it is new, at least as regards its application to 
the difficulty we are now considering : In the solar system 
we are presented with a finite number of bodies placed 
within a region of unoccupied space, bearing a very large 
ratio to the dimensions of the solar domain. In the sidereal 
system we seem to be presented with a finite number of such 
1^ fon^g . duL, ,hid> i. ^»,d^ » .U »de. 
by unmeasured depths of space. Assuming our system to 
form one of a finite nimiber of similar systems, separated 
from each other by distances bearing a very large ratio to 
the dimensions of each, and that thus a system of a higher 
order is formed, which again forms one of a finite number of 
similar systems, and so on continually, — the di/menaions of 
each ayateTn of uhatever order being ahuays very small in 
comparison with the distance separating it from, its neigh- 
boursy — then there would no longer result as a necessary conse- 
quence even an appreciable illumination of the whole heavens. 
I do not present these views as hypotheses which I wish to 
support ; all I seek to show is that, by assuming the existence 
of such systems in successive orders, the subject of the ex- 
tinction of light is left an open one. Of course the question 
is also left open if we assume that occupied space is finite. 

r2 
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Such an assumption appears to me, however, to be incon- 
sistent wi^h the conception of an omnipotent Creator. 

The arguments for and against the extinction of light 
have an important bearing on the theory of our sidereal 
system. Few subjects have been more acutely and closely 
reasoned. 

Olbers was the first, I believe, to put forward a definite 
theory asserting the extinction of light, though Halley, and 
many other philosophers, had held somewhat similar views. 
In support of Olbers' theory the elder Struve put forward the 
following considerations : — 

Sir W. Herschel's twenty-feet reflector should have a space- 
penetrating power of 74'83, the range of the naked eye being 
taken as unity. Now Struve found by a computation based 
on the law of condensation of the stars in the plane of the 
Milky Way, that such a power as this would result in giving 
an average of 3,021 stars for the telescope's field of view, 
15^ in diameter. But, instead of this number, Herschel's 
observations give only 122 stars per field. And Struve 
calculated that Herschel should have seen as many stars as 
this with a space-penetrating power of only 25*67, if there is 
no extinction of light. It seemed to follow, therefore, that 
the minutest stars visible in Herschel's telescope send no more 
light to us than stars nearly three times as far off would send 
if there were no extinction. Therefore the smallest stars 
visible to Herschel shine — ^according to Struve — with little 
more than one-ninth part of their proper lustre ; or, more 
exactly, the diminution of brightness is no less than -|^^ths 
of the whole quantity. 

But it is answered by Sir John Herschel that the results 
on which Struve foimds his calculations may be otherwise 
explained. If there is a diminution in the density of stellar 
aggregation towards the limits of the Milky Way, correspond- 
ing to the observed diminution at right angles to the plane 
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of that zone, the same effects would be perceived as would 
result on Struve's hypothesis of an extinction of light* 

To this Struve answered that the diminution of density 
must — in order to account for the results of observation — be 
assumed to take place on every side of the Sun, which there- 
fore must be supposed to occupy a central position in the 
sidereal system. But we have no evidence whatever — said 
Struve — in support of this supposition. He considered that 
the galactic system is unfathomable — so far as we are con- 
cerned. He therefore dismisses the supposition of a dimi- 
nution in the density of star-aggregation, as altogether 
inadmissible. 

He pointed out another objection to the hypothesis of a 
diminution of density in stellar aggregation. He found that, 
on the supposition of a stratum of stars of indefinite extentT^ 
that is, un&thomable to us — and uniformly diminishing in 
density on either side of its central plane, there results from 
Herschel's gauges a law of diminution according almost 
exactly with the law which results from an examination of 
the numerical relations among stars down to the ninth 
magnitude. He considers that this agreement cannot be 
accidental. It must be remarked, however, — before proceed- 
ing to positive objections to Struve's view — that a single 
agreement of this sort, though antecedently improbable, is 
not sufficient to establish such a theory as that for which 
Struve was contending. 

But now an argument was brought forward which ap- 
peared almost conclusive against the views of Struve and 
Olbers. It was pointed out by Sir John Herschel that the 
Milky Way is fathomable in almost every part by the 
twenty-feet reflector. Therefore, on the one hand, the fact 
that in nearly every direction the richest portions of the 
Milky Way are resolved into discrete stars perfectly free 
from nebulosity, affords decisive evidence that the sidereal 
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stratum is not infinite in extent. On the other hand, the 
fact that in certain directions the stratum has an increased 
range which prevents the twenty-feet telescope from com- 
pletely resolving it, affords equally decisive evidence that 
light coming from a distance far beyond that which Struve 
regarded as the limiting range of such a telescope is rendered 
perceptible to us by its means. ^We are not at liberty,' 
Herschel justly points out, ^ to argue that at one part of 
its circumference our view is limited by this sort of cosmical 
veil which eztinguiflhes the smaller magnitudes, cuts off the 
nebulous light of distant masses, and closes our view in 
impenetrable darkness ; while at another, we are compelled 
by the clearest evidence the telescope can afford to believe 
that star-strewn vistas lie operhy exhausting their powers aad 
stretching out beyond their utmost reach, as is proved by 
that very phenomenon which the existence of such a veil 
would render impossible, — namely, infinite increase of 
number and diminution of magnitude terminating in com- 
plete irresolvable nebulosity.' 

It seemed, therefore, that as yet no evidence proved that 
light suffers extinction at all ; and certainly light had not 
been shown to suffer appreciable extinction within the bounds 
of our sidereal system. 

Hence it would follow that we must either accept Herschel's 
view that there is a rapid diminution in the density with 
which stars are distributed, as we leave the central regions of 
our system ; or else we must suppose that there is a sensible 
diminution in the magnitude of stars around the borders of 
the sidereal disc. The latter view, which I believe to be 
new, seems at least as probable as the other. In either case 
we must assume that our Sun is not very fiax from the centre 
of the system. 

There are other features of the sidereal system which are 
well deserving of a careful scrutiny. The existence of 
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yariable staxs, and of binary and multiple systems, the sudden 
blazing forth of temporary stars, some of which have excelled 
even Sirius in splendour, the reputed existence of dark orbs, 
— all these and many other evidences suffice to show how 
much variety there is amongst the denizens of stellar regions. 
That there should be such variety is what our contemplation 
of the solar system leads us to expect. And indeed, when 
we remember how largely the resources of astronomy have 
been taxed for the detection of the known peculiarities of the 
solar system, and that, for aught we know, not a tithe of the 
various orders of bodies which form that system have yet 
been revealed to us, surely it seems little likely that what we 
know of the sidereal system affords the faintest conception of 
the wondrously varied forms of creation which doubtless exist 
within the stellar spaces. 

But we have yet to consider those mysteries of mysteries 
— the nebulae. 

The discovery that the vault of heaven is bestrewn with 
multitudes of objects, which differ wholly in character from 
the fixed stars, may be said to belong to the last hundred 
years. In 1768, only 68 nebulaB had been detected. 
Singularly enough, 42 of these belonged to the southern 
hemisphere. In 1771, Messier published a list of 103 nebulae. 
But all prior investigations sink into insignificance in the 
presence of the discoveries made by the two Herschels. 
In 1786, Sir W. Herschel published a list of 1,000 nebuL» ; 

• 

three years later he added another 1,000 ; and finally, in 1802, 
he formed a supplementary list of 500 new nebulae. Sir J. 
Herschel examined no less than 2,306 northern nebuke, 
of which 500 were discovered by himself; then journeying to 
the Cape of Crood Hope, he formed a catalogue of 1,708 
southern nebulae. Of the 6,000 known nebulae, the Herschels 
have discovered more than four-fifbhs. 

The views entertained respecting nebulae are so vague that 
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it is hardly possible to present them in any systematic form. 
But perhaps we shall be able to form a tolerably fair 
estimate of modem notions by considering the two chief 
hypotheses which have been held by astronomers. 

First we must draw a line of demarcation between 
nebulous objects which are assimied to belong to the galaxy, 
and true nebulse. This is not so easy a matter as it might 
seem at first sight. In the sidereal universe we see binary, 
triple, and multiple systems ; we see also star-clusters, such as 
the Pleiades, and Prsesepe, and that wonderful cluster which 
adorns the sword-handle of Perseus ; we see also clustering 
collections of stars, extending far more widely than any of 
these. But already we have touched upon a difficulty. 
Such spots of light as the cluster in Perseus — are these to be 
looked on as certavrdy belonging to the galactic system ? I 
have no doubt myself upon the point ; nor, so far as I am 
aware, has any astronomer ever expressed any. Yet it is not 
easy to see on what grounds we can assume that the spot in 
Perseus belongs to the Milky Way, while we look upon other 
clusters — the great cluster in Hercules for example — as lying 
far out in space beyond the confines of our galaxy. ' For the 
present, however, we may content ourselves with the distinc- 
tion usually drawn by astronomers, and admit irregular and 
widely-distributed clusters as belonging to the sidereal system, 
while we place the globular and closely-compacted star- 
clusters in the list of true nebulae. 

Thus there remain five classes of nebulsB : — 

Resolvable nebulae, or nebulsB which exhibit such an 
appearance as leads the experienced astronomer to suspect 
that with an increase of telescopic power they can be resolved 
into discrete stars. 

Nebulae which exhibit no trace of resolvability. 

Planetary nebulae. 

Stellar nebulae. 
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Nebulous stars. 

Now, according to one view, which was maintained until 
quite recently as by far the most probable theory, objects 
belonging to all these classes (including globular star- 
clusters), were looked upon as in reality composed of suns, 
resembling our own in magnitude and splendour, and sepa- 
rated from each other by distances comparable to, perhaps 
surpassing, the distances which separate our Sun from 
neighbouring fixed stars. Nebulae, in fact, were looked upon 
as galaxies resembling our own, some exceeding it, others 
falling short of it, in richness and splendour : but all of them 
*' island universes,' to use Humboldt's expressive verbiage, and 
all of them — even the nearest — removed from us by distances 
which exceed, in an enormous proportion, the dimensions of 
our galaxy. The resolvable clusters were of course considered 
to be the nearest of the outlying universes. Accordingly, 
when it is remembered that some of these are clearly resolved 
by pigmy tubes, while there exist irresolvable nebulae of 
great apparent extent, which have defied the power of the 
great Parsonstown reflector, it will be seen how largely — on 
the hypothesis we are considering — the 'island universes' 
vary in their distances from us, and in their own dimensions. 

According to the other hypothesis, multitudes of the 
nebulae are outlying universes, but not all of them. Sir W. 
Herschel, in the beginning of his career, had held the former 
opinion, following in this respect Cassini and Mitchell. But 
in the fijrst year of the present century he began to express 
different views. Admitting that the majority of the nebulae 
are aggregations of sims, rendered nebulous only through 
excessive distance, Herschel was led to the belief that many 
nebulae are formed in reality — ^as in appearance — from 
cosmical vapour. Half a century before, Kant and Lambert 
had expressed similar views ; but their speculations had not 
been founded, as HerscheFs theories were, upon a long process 
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of research among nebulae. Herschers treatment of his 
observations was characterised by his usual clear-sightedness. 
He pointed out the remarkable contrast that exists between 
the small yet easily resolved clusters, and such objects as the 
great Orion nebula, and the ^ queen of the nebulae' in 
Andromeda. Both of these are distinctly visible to the 
naked eye, and are yet absolutely irresolvable even in those 
monster tubes which the Herschels directed towards the 
heavens. He dealt also with the peculiarities of the planetary 
nebulae and of nebulous stars. The former, shining as discs 
of bluish or greenish light, are very unlike star-clusters of 
equal apparent dimensions. In many respects also they 
present a very different aspect from that which we should 
be disposed to assign to star-universes of abnormally large 
absolute dimensions, removed to a proportionately enormous 
distance. As regards the ^ nebulous stars,' there are equal 
difficulties to encounter. If the central brightness is really, 
as it appears to be, due to the presence of a single star, how 
largely must the dimensions of this sun exceed those of the 
other members of the system it belongs to ; and how different, 
therefore, must that system be from our own galaxy. On the 
other hand, if the central brightness affords evidence of a 
close aggregation of stars, how different is the variety of dis- 
tribution indicated by this arrangement from the uniformity 
attributed to our own sidereal system. 

Influenced by considerations such as these, and by others 
on which I have not space now to dwell, Herschel propoimded 
the hypothesis that miany of the unresolved nebulae are not 
sidereal systems, but are formed of a nebulous fluid resembling 
in some respects that which is assumed to form the substance 
of comets. He held, as a natural corollary to this view, the 
opinion that nebulae thus composed are not necessarily far 
removed beyond the limits of our own galaxy, but may be 
situated amidst the interstellar spaces. He showed further 



A NEW THEORY OP THE UNIVEBSE. 75 

how there may be traced among the different orders of 
vaporous or fluid nebulsB the stages of a process of develop- 
ment leading upwards, he held, to the formation of suns 
resembling our own. 

I have said that the former theory has been held to be 
the most probable one. This has arisen from the fSsu^t that 
imder the amazing light^gathering power of Lord Bosse's 
great reflector, and under the exquisite defining power of the 
Harvard College refractor, the Orion and Andromeda nebulae 
have been resolved, in part at any rate, into discrete stars. 

But the marvellous revelations afforded by the spectroscope, 
in the able hands of Dr. Huggins, have shown that the one 
great mistake into which it had been assumed that Herschel 
had &llen, was in reality one of the most remarkable of his 
many anticipations of modem discoveries. We cannot, indeed, 
assert that Herschel's speculations respecting the genesis of 
stars have been confirmed. They have not, however, been 
disproved. And the great fact which he considered as the 
legitimate deduction from his observations has been placed 
beyond a doubt. The spectroscope tells us, in a manner 
which admits neither of doubt nor cavil, that many of 
the nebulsB a/re composed of luminous gas, and amongst 
these are to be included the Orion nebula and all the 
planetary nebulae which have as yet been observed. The 
Andromeda nebula, about which Herschel expressed no 
decided opinion, is found to shine with stellar light. The 
same is the case with all the cluster-nebulae which have yet 
been examined with the spectroscope. 

In the preceding paper on the distribution of the nebulae I 
have exhibited the very reitiarkable and significant relations 
which they present when viewed as a system. The supposed 
nebular zone of Sir W. Herschel has been shown not to be a 
reality. On the contrary, the northern nebulae are foimd to 
be gathered into a vast cluster covering about one-fourth of 
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the surface of the northern celestial hemisphere, and situated 
nearly at the pole of the galactic circle. In the southern 
hemisphere there is a greater uniformity of distribution, 
save where, within the Magellanic Clouds, nebulae are found 
clustered even more closely than in the richest parts of the 
northern nebular cluster. These mysterious clouds, how- 
ever, are considered by many astronomers to possess a cha- 
racter which separates them as well from the true nebular 
system as from the sidereal system. The reasons on which 
this opinion is founded are sufficiently remarkable 'per ae^ 
though they are justified, I imagine, by the theories astro- 
nomers have been so long content to hold respecting the 
imiverse : The Magdlanic Clouds^ it would seem, are to he 
looked on as belonging neither to the nebular nor to the 
sidereal system^ because they exhibit the characteristics of 
both systems. 

In dealing with the accepted views respecting the sidereal 
and nebular systems, I have treated the two systems sepa^ 
rately. In fact, according to the received opinions — whether 
we take the theory of those who look upon all nebulae as 
' island universes,' or that of those who consider that some 
few are to be excepted — the sidereal system is but a member 
of the nebular system. Just as the Sun is one among the 
stars, so the Milky Way is held to be one among the 
nebulae. 

In presenting the views I have been led to entertain 
respecting the constitution of the universe, I shall consider 
the two systems together — for this reason, simply, that I 
believe them to form but one system. 

I would not be understood to asseri that all the nebulae 
lie within the confines of the Milky Way. There may be 
some few which really are external systems. For instance, 
I think it not improbable that the spiral nebulae are galaxies 
resembling our own. But that the majority of the nebulae. 
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and especially such objects as the great star-cluster in 
Hercules, are to be looked upon as external universes, I am 
disposed wholly to deny. 

I think, indeed, that I shall be able at once to show the 
extreme improbability that even such an object as the 
Andromeda nebida is an external universe on the assumption 
that the accepted view of the sidereal system is the true one. 
Let us consider. In the Milky Way we are supposed to 
have an aggregation of suns separated from each other — 
throughout the whole extent of the galaxy — ^by distances 
comparable with the distance which separates our Sun from 
the nearest fixed stars. But so widely are the outer parts 
of the Milky Way separated from us, that — ^though composed 
in this manner — ^they appear even in our most powerful 
telescopes as mere patches of filmy light. Nay, there are 
streams of light so faint that, in the clear skies of the 
southern hemisphere, and examined by such an observer as 
Sir John Herschel, with a reflector eighteen inches in aper- 
ture, they appear but as a scarcely perceptible stippling or 
mottling of the telescopic field of view, so that, to quote 
Sir John's own words, ' the idea of illusion has continually 
arisen subsequently.' Now what the distance of these 
streams firom us may be, we cannot say ; nor is it important 
for my present purpose that we should be able to form any 
estimate on this point. It is suffici^it to notice that this dis- 
tance — whatever it may be — ^must be looked upon as certainly 
not greater than the radius of the great disc formed by 
the sidereal system. Such a disc would have to be removed 
to a distance many times exceeding its own diameter before 
it would present the dimensions of the Andromeda nebula 
or of the largest globular clusters. Now if the outer parts 
of the sidereal disc, removed from us by only the radius of 
the disc, present so faint an appearance to us as has been 
described above, how inconceivable would be the faintness 
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of the whole disc when removed to a distance exceeding its 
own diameter many hundreds of times. It would not only 
not be resolvable into discrete stars by any telescope yet 
constructed, but it would be absolutely invisible in a telescope 
exceeding the Parsonstown reflector a hundred-fold in 
power, 

I do not lay any stress on the above reasoning, founded 
as it is on suppositions which I am not disposed to admit. 
But imperfect as it is, it forces us to accept one of two con- 
clusions, both of which are diametrically opposed to received 
opinions. We must either admit that the outer parts of our 
galaxy differ wholly in constitution from the parts which lie 
in our neighbourhood, or we must deny that the assumed 
external clusters bear the slightest resemblance to our own 
sidereal system. 

I turn, however, to the examination of the stellar and 
nebular systems on principles more closely according with 
observed appearances. 

We have seen that the elder Herschel was mistaken in 
supposing that the system of nebulae forms a zone resembling 
the Milky Way, but nearly at right angles to its course. 
Had this been the case, a negative argument of some force 
might have been deduced in favour of the absolute indepen- 
dence of the stellar and nebular systems. For it is clear 
that if nebulae really form a system of island-imiverses, and 
our galaxy be but a member of this system, it would be 
antecedently improbable that the apparent distribution of 
nebulae should exhibit any correspondence whatever with the 
apparent distribution of stars. To take a perfectly parallel 
case : — The Sun is undoubtedly a member of the sidereal 
system, and we see that there is no correspondence, nor any 
approach to correspondence, between the position of the 
Milky Way (or the apparent zone of stellar aggregation) 
and the position of that medial plane near which all the 
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members of the solar system are observed to travel. If there 
had been any correspondence of this sort, it must have been 
looked npon either as a very singular coincidence, or as 
evidence of some l^w of association into the nature of which 
astronomers would have set themselves to inquire. Now I 
can see no reason for anticipating that any association should 
exist between the position of a system of universes and the 
position of the galactic disc which is assumed to be a mem- 
ber of that system : nay, I can assert with absolute certainty 
(on the assumption implied) that no such association 
TiecessarUy exists — since the spiral and elliptic nebulse, 
which, by the assumption, are members of that system of 
imiverses, exhibit every variety of position. Therefore, had 
there been any correspondence of the kind conceived — that ' 
is, had there been a zone of nebuUe nearly coincident in 
position with the zone of the Milky Way — ^we should have 
had no other resource but to explain that correspondence as 
the effect of a very singular coincidence — unless we gave up 
the theory that the nebulsd do, indeed, form a system of 
universes whereof the galaxy is but a member. 

Now I have been particular in dwelling on this point, 
because the discovery that Herschel had been mistaken as to the 
existence of a zone of nebulae brought with it a remarkable 
result. We have seen that the central region of the northern 
cluster of nebulae lies very near the pole of the Milky Way — so 
near, indeed, that the ypimger Herschel places this coinci- 
dence of position amongst the phenomena which any one 
who attempts to give a consistent theory of the nebular 
system must account for. We see, then, that there is a 
coincidence, not precisely of the kind contemplated in the 
preceding paragraph, but marked enough in its character. 
And we see also that Sir John Herschel — apparently without 
noticing the important conclusion to which his words tend — 
points out that we cannot reasonably ascribe this coincidence 
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to the effects of chance-distribution, but must assign a cause 
for it. If Herschel is right, if accident is not a legitimate 
explanation of this coincidence, then, as it seems to me, we 
can adopt no other conclusion than this — that nebulsB do not 
form a system of external imiverses, but are intimately asso- 
ciated with the sidereal system. 

But we have seen ^ that there exist in reality an associa- 
tion between the apparent distribution of nebulae and stars, 
which is much more remarkable than the one pointed out by 
Sir John Herschel. For, along that very zone of the heavens 
which is occupied by the Milky Way there is a marked 
absence of nebulse. If we except certain star-clusters, which 
exhibit so singular a relation to the Milky Way that Sir John 
Herschel considers they must belong to it, we shall find 
that of 6,000 and more nebulae which have been discovered 
by astronomers, there are scarcely fifty which lie on a zone * 
occupying a fiill tenth part of the celestial sphere. It will 
be remembered also that the direction of the central line of 
this zone is not exactly coincident with that of the Milky 
Way, but lies more nearly along the great circle through 
Orion, Perseus, Cygnus, Lyra, &c., near to which so large 
a proportion of the more brilliant stars are found collected. 

Now the existence of a zone in which nebulae are markedly 
wanting is a much more remarkable phenomenon than the 
existence of a zone very rich in nebulae would have been. 
We see, for instance, that the existence of the Milky Way 
among the stars is very easily accoimted for by the suppo- 
sition that the sidereal system forms a species of disc. But 
if there were a zone wanting in stars, how should we have 
explained so strange a phenomenon ? It is clear that we 
should either have to assmne the existence of two sidereal 
systems, between which our Sun was situate ; or else to 
adopt the almost equally bizarre theory that the stars form . 

' See preceding Essay. 
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a cylindrical system, very long in comparison with its thick- 
ness, so that from the neighbourhood of the Sun — placed 
somewhere near the axis of the system — ^veiy few stars could 
be seen in directions at right angles to that axis. And, 
if the zone were very distinct,. as is the case with the 
zone free from nebulae, the former hypothesis would alone be 
available. 

It results, then, that if nebulsd really belong to external 
space, they must form two systems, our own galaxy occupying 
a place between the two. Improbable as this conclusion 
appears, we cannot escape from it, nor from this further im- 
probability, that the sidereal disc should have a position 
almost exactly at right angles to the line joining the central 
parts of the two nebular systems — v/nleas we concede that 
the nebvXce belong, for the vnost part, to our galactic system. 
Nor does there seem any comparison between the difficulties 
involved in the latter view and the utter improbability of 
either of the two former assumptions. 

But again, let us recall the results of the discussion re- 
specting the extinction of light. We saw that there is good 
reason for rejecting the theory that light suffers appreciable 
extinction within the limits of omr galaxy. It will be well, 
however, before proceeding further, to notice that the theory 
thus rejected is not only not unfavourable to the views I am 
seeking to maintain, but leads directly to their establishment. 
For if we assume with Struve that the outer parts of the 
Milky Way are hidden from our view, even with Herschel's 
eighteen-inch reflector, through the effects of extinction, 
then, a fortiori, all outer systems must be hidden from us, 
unless their component stars exceed the brightest members 
of our system many thousand-fold in splendour. We see, 
then, that the theory of extinction at once excludes all 
belief that the nebule are external sidereal systems resembling 
or in any sense comparable with our own. 

a 
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Now it has been assmned, flomewfaattoo hastily I think, 
that the only available explanation of the difEculties which 
induced Struve to accept the theory of the extinction of light, 
lies in the supposition that the stars composing the sidereal 
system are much less densely strewn round its borders than 
in the neighbourhood of the Sun. It appears to me that, 
although in all probability there is a gradual diminution in 
the density of stellar aggravation as the distance from the 
centre of the galaxy increases, yet it is highly probable that 
the outer stars are inferior also in magnitude and splendour^ 
— and perhaps in a much more marked degree. To me, 
indeed, the evidence in favour of such inferiority appears 
altogether irresistible. 

In the first place, let us consider the naked-eye aspect of 
the Via Lactea. Is it such as would be presented if the 
sidereal system really has the figure assigned to it by Sir Wm. 
Herschel ? I am not here discussing the first assumption 
made by Herschel, — ^that there exists a certain approach to 
uniformity in the distribution of stars throughout the galaxy. 
He was the first to admit that this idea must be abandoned. 
But it appears to me that Herschel's estimate of the irregu- 
larity of our galaxy fell far short of the reality. The 
sidereal system must be looked upon as composed of streams 
and sprays and clusters of stars aggregated together without 
any as yet recognised laws. The appearance of the Milky Way 
to the naked eye strongly suggests a constitution of this sort. 
It is commonly asserted that the galaxy forms a continuous 
ring of light upon the heavens. But this is not the case. 



' Sir John Herschel speaks of certain stars seen in parts of the galaxy as 
appearing small, ' not by reason of excessive distance, but of a real inferiority 
in size or brightness.* But he is not here supporting the theory we have men- 
tioned abore. I am speaking of the inferiority of the outer stars on the aye- 
rage, as compared with the average of stars near the centre of the galaxy ; 
Herschel is speaking of the inferiority of certain members of the outer parts of 
the galaxy as compared with their neighbours. 
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Near Argo the main stxeam is divided, across one of its widest 
and most brilliant portions, by a dark rift of considerable 
extent. The narrower stream which nms side by side with a 
portion of the main stream of the Milky Way is also discon- 
tinnous; again, the galaxy is marked in some places by 
lacoMB and in others by sndden accessions of splendour — 
phenomena which appear inexplicable unless we assume an 
irregularity, not merely in the distribution of the stars, but 
in the^form and structure of the sidereal disc. 

But this is not all. Even on the assumption of extreme 
irregularity, there still remain insurmountable objections to 
the supposition that the Milky Way has the figure of a disc. 
It will be remembered that there exists in the southern hemi- 
sphere, close by the Southern Cross, a strange, roughly cir- 
cular, or more correctly a pearnshaped vacancy, so con- 
spicuous that it has obtained among sailors the name of the 
Coalacwk. It is very difficult to reconcile the existence of 
a gap of this figure with the imagined longitudinal exten- 
sion of the galactic system. And it is equally difficult to 
account for the phenomena described in the following passage 
of HerscheFs * Astronomy': — ^Prom the neighbourhood of 
Eta Argils the Milky Way ' crosses the hind feet of the 
Centaur, forming a curious and sh/j/rply dejmed semicircular 
concavity of small radius, and enters the Cross by a very 
bright neck trr isthimis of not more than three or four degrees 
in breadth, being the narrowest portion of the Milky Way. 
After this it im/mediatdy eofpands into a broad and bright 
mass.' Still more remarkable and significant is the fact that 
the Coalsack lies ^ in the midst of this bright mass.' All 
these phenomena point to the conclusion that the Milky Way, 
in this neighbourhood at any rate, is really what it appears 
to be, — a belt or zone of stars, separated from us by a com- 
paratively starless interval. An irregular belt of this sort 
might present the varieties of form indicated above, and 

a2 
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might be transpierced by an aperture of any figure ; bat it 
is utterly inconceivable that a diso-like space, irregularly 
occupied by streams and clusters of stars, should be so 
transpierced as to exhibit a circular vacancy to an eye placed 
-near its centre. 

In the conclusions just deduced I am in agreement ivith 
Sir John Herschel, who, indeed, says in one place that the 
galaxy, looked at according to a certain view, would ' come 
to be considered as a flat ring.' But he nowhere adopts the 
consequences to which, as it seems to me, this view of the 
subject should have led him. In the interpretati<m of 
another phenomenon presented by the Milky Way I find myself 
wholly at issue with him. He says, *We cannot without 
obvious improbability refuse to admit that the long lateral 
off-sets which at so many places quit the main stream and 
run out to great distances, are either planes seen edgewise, 
or the convexities of curved sur&ces viewed tangentially, 
rather than cylindrical or columnar excrescences bristling up 
obliquely from the general level.' To me the obvious im« 
probability seems to lie altogether the other way. That one 
plane or curved sm&ce should happen to be seen edgewise, so 
as to resemble a long and narrow lateral oflF-set, is sufficiently 
unlikely ; that several should so appear is utterly improbable. 
The obvious improbability conceived by Herschel appears to 
be founded on the * oblique bristling up ' of cylindrical star- 
sprays. But the evidence we have already had of the ex- 
tremely irregular and heterogeneous conformation of the 
Milky Way is sufficient to remove any difficulty of this sort. 
Indeed, even among the stars in our immediate neighbour- 
hood there exist, as I have pointed out in the first essay of 
this series, decisive evidences of stream-formation. The star- 
streams visible to the naked ey^ are far too marked to be the 
result of chance-distribution; and I anticipate confidently 
that the examination of the proper motion of all the stars 
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composmg any stream will suffice to show how intiinately 
they are associated together. 

Now it might seem, at first sight, that the phenomena I 
have adduced in the preceding paragraphs afford no evidence 
in fayomr of the opinion that the more distant portions of 
the galasy are composed of stars inferior in brilliancy to 
those which lie in the neighbourhood of the solar system. 
But there is another phenomenon which, when properly 
understood, seems to make this opinion the direct corollary 
of the views resulting from the former phenomena. 

It appears to me that, if we consider the enormous distance 
at which the Milky Way must lie beyond the lucid stars, on 
the hypothesis that it is composed of orbs nearly equalling 
them in brilliancy, we cannot but contemplate with amaze- 
ment the singular correspondence which may be traced 
between the configuration of the Milky Way and the arrange- 
ment of the brilliant fixed stars in its neighbourhood. 
There is scarcely a part of the Milky Way in which there is 
not some evidence, more or less marked, of a much more 
intimate association between the lucid stars and the cluster- 
ing orbs which constitute the galaxy than could be reasonably 
looked for as the result of chance-distribution. Consider, for 
instance, that bright light-cloud which adorns the noble 
cross in Cygnus, and the equally marked galactic cluster- 
ing near Aquila : and note that this arrangement becomes 
the more significant when we remark that the two clusters 
lie on di£ferent streams of the Milky Way, which is double in 
this part of its course. Well worth noticing also is the con- 
formation of the galaxy where it traverses the festoon of 
Perseus. But in the southern hemisphere there is a much 
more marked agreement between the Via Lactea and the 
lucid orbs. It cannot be merely the result of accident 
that the double curve of bright stars which forms the body 
and tail of Scorpio should^so closely follow a most compIi« 
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cated portion of the Milky Way, that not one of those stars 
should &11 on a part of the heavens free from milky light* 
Nor can it be accidental that the numerous turns and wind- 
ings of the Milky Way from Antares to Sirius should seem in 
every case to be the result of attractive influences exerted by 
the leading stars in its neighbourhood, insomuch that there is 
not a single star of the first four magnitudes on any of the 
numerous lacuna which appear in this portion of the Milky 
Way. 

If we accept the evidence afforded by this peculiarity, we 
must suppose that the streams of stars composing the Milky 
Way are very much nearerto us than they have been assumed 
to be, and therefore that they are composed of stars fiEur 
inferior in brightness, and also much more closely compacted, 
than those in the neighbourhood of the solar system. 

The evidence afforded by the telescopic aspect of the 
galaxy strikingly confirms this conclusion* I shall mention 
two phenomena alone, as space will not permit me to deal 
with this part of my subject at any great length. The first 
is a peculiarity which is utterly inexplicable by the views 
ordinarily held — the feiciy namely, that in several instances 
the Milky Way is observed to commence quite suddenly, so 
that one-half of the telescopic field of view will be occupied 
by nebulous light or by closely aggregated stars, while 
the other will be perfectly black — ^the line of demarcation 
between the two portions being well defined. The second 
phenomenon to which I wish to call attention is yet more 
significant* In some instances there is seen in the field of 
view a sharply defined projection from the Milky Way, the 
apex of the projection being occupied by a lucid star. That 
such an association should be looked on as accidental is 
exceedingly unlikely. 

Crorresponding to the association between the Milky Way 
and lucid stars is a phenomenon which falls here to be 
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oonsidered* The irregulax nebulss are objects difiTering 
altogether in character &om all other nebulsB* They cover a 
fax larger space on the celestial vault, even if we assume that 
their discovered dimensions afford any but the roughest 
indication of their real extent* In reality, however, since 
each increase of telescopic power increases the apparent 
dimensions of these objects, we probably Ml tax short of the 
truth in making such an assumption* Now as we have seen 
in the preceding paper these irregular nebulae are associated in 
the most singular manner with fixed stars in the same field of 
view. The wisps and sprays of nebulous light which stream 
from the central convolutions of such nebulsB, correspond, quite 
closely in many instances, with streams of small fixed stars.. 
In many of these nebulse, also, there are streams of taint 
nebulosity extending towards fixed stars, and acquiring a 
sudden brightness around them. Now it seems to me that 
we cannot without utter improbability consider such an 
arrangement as accidental. For instance, if the bright stars 
c and i Ononis were wholly disconnected with the great 
nebula in Orion, how enormous would be the antecedent 
improbability that these orbs should appear — ^as they do- 
involved in strong nebulosity, connected by streams of faint 
nebulosity with the great nebula* And even if we assumed 
this to be possibly due to the effects of chance-distribution, 
how should we explain the fact that similar phenomena are 
observed in the other irregular nebulse, and notably in that 
mysterious object which surrounds Eta Arg&s, the most 
remarkable variable in the heavens. 

Then, also, there is the significant £Eu:t that all the 
irregular nebukB ftll on that veiy zone which is fireest from 
ordinary nebidse.^ And the only one which, though &lling 
on this zone, does not actually fedl on the Milky Way, is the 

* There is a notable exception to this law in the nngnlar nebula 80 Dorados, 
which ooeun wUhin the greater MagdUnic Cloud. This exception is more sig- 
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Orion nebula. (See, however, Plate VI.) This last &ct 
is even more significant than the general association of the 
irregular nebulse with the Milky Way. For it exhibits the 
brilliant array of stars in Canis Major and Orion, with which 
the Orion nebula is associated {amd arownd certain members 
of which it actucMy cling8)j as more intimately associated 
with the neighbouring stream of the Milky Way than the 
ordinarily accepted views would allow us to suppose. 

I pass over the association often observable between those 
remarkable objects the double nebul® and double stars, 
though the phenomenon is sufficiently significant. But 
there is one other well-established phenomenon which de- 
serves attentive consideration. Nebulse have been observed 
to vary in light, or even to disappear. Hind, d' Arrest, and 
Schmidt record many such instances. Are we to suppose that 
whole galaxies of suns have suffered in this manner total or 
partial extinction ? Such a supposition is absolutely incre- 
dible. Nor can I look on the alternative that some opaque 
or semi-opaque substance has intervened between us and 
these objects as having any reasonable claim to acceptance. 

The phenomena I have been discussing seem to point to 
conclusions very different from those which have been usually 
accepted respecting the visible universe. Instead of sepa- 
rating the stars and nebulas into distinct systems, or rather 
of looking on the stellar system as a member of the system of 
nebulae, we seem compelled to look on almost evfery object 

nificant, if possible, tluu the law itself, as will appear farther od. It is rather 
singular that Sir John Hersehel should speak of 30 DoradAs as * unique etfen 
in the system to which it belongs,' as if it differed yet more markedly from 
objects not belonging to the Nabecalss, whereas, so fiir as one can judge from 
his own description and pictures, this nebula presents a striking resemblance 
(in its general character) to that which surrounds the star Eta ArgAs. In 
each there is a mass of irregular nebulosity surrounding a central condensation, 
within which is a well-defined opening free ftom nebulous light; and the 
brightest star within the confines of each nebula occurs on the brightest part 
of the nebula and close to the Tacancy. 
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yisible even in the most powerful telescope as a portion of 
one system, which comprises within its range single, multiple, 
and clustering stars, irresolvable nebulse, gaseous bodies of 
symmetrical and unsymmetrical figure, and in all probability 
myriads of other forms of matter as yet undetected. It 
would be rash indeed to attempt to speculate on the processes 
by which the visible universe has attained its present figure* 
But I may venture so far as to point to the evidences which 
seem afforded of processes of aggregation, leading — according 
to the position, and perhaps of the character of the masses 
acted upon — ^to the formation of suns of greater or less 
splendour and magnitude, of streams and clusters of small 
stars, and of systems in which suns and stellar streams and 
clusters seem to be intermingled. These processes seem to 
have led to an annular or spiral, rather than to a disc-shaped 
galaxy ; but large portions of the matter, originally distri- 
buted perhaps with comparative imiformity, appear to have 
escaped the influence of these processes. Either because they 
have been subjected to counteracting attractions, or through 
the influence of the same principle which makes the centri- 
fugal force near the poles of a rotating globe less than that 
at the globe's equator, this portion of the universe seems to 
have been free to form aggregations in regions which lie near 
to what may be called the polar axis of the galaxy. Nor 
need we wonder that these aggregations should differ very 
much in character from those which prevail within the 
galactic annulus, nor that within the former regions alone 
true nebulae should be found profusely distributed. 

The only irregular nebulse which have been examined with 
the spectroscope — the Orion and Argo nebulse — shine with 
light whose source is mainly, if not wholly, gaseous. Lord 
SoBse states that the stars visible in the Orion nebula, when 
examined with his giant reflector, appear as red points of light 
upon a bluish-green background of nebulous light ; and it is 
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possible, or rather, probable, that these points of light 
proceed &om bodies which are not gaseous. But, however 
this may be, it is quite clear that there is in • the Orion 
nebula an enormous amount of gaseous matter, forming (it 
would seem) a connected but irregular system, within which 
are involved many fixed stars, and notably the second 
magnitude star « Orionis, and the third magnitude star i 
Ononis* It seems fsdrly presumable that the other irregular 
nebulffi consist in like manner of enormous aggregations of 
the same luminous gases. The atmniUr and planetary nebulae 
appear to be, without exception, gaseous masses. Now, we 
have seen that all the irregular nebulse lie within, or close 
to, the Milky Way. The same is the case with the annular 
nebulae, and by far the larger number of the planetary 
nebulae.^ The Dumb-bell nebula, one of the most remarkable 
gaseous nebulffi in the heavens, also lies on the Milky Way. 
We see, then, that the gaseous masses revealed to us by the 
telescope show a marked tendency to aggregate along the 
galactic zone. Why this should be the case, it would not be 
easy — in the present, state of our knowledge — ^to determine ; 
but it is clearly not a phenomenon which need surprise us 
when once we have accepted the conclusion that stars and 
nebulae form but a single system* I do not consider that, 
in extra-galactic space, the luminous gas which constitutes 
the common material of all the gaseous nebulae (for the 
spectroscope reveals no variety in this respect ^) is in reality 
wanting. It probably exists, but in a more dispersed form 
than in the galaxy* It is not a little remarkable that the 

' Of thirty-four planetary nebnls recorded in the * General Catalo^e,* no 
less than twenty-one lie within 16^ of the great circle oentzally dividing the 
ViaLactea. 

^ Some of the gaseons nebulse give a spectrom haying one bright line; others 
give a three-line Bpectrum ; and there is one nebula the spectrum of which 
consists of four lines. Bat it is presumable tiiat these yariations result only 
from variations in the intensity of the light of these nebulie, since the bright 
lines occupy always the same position. 
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only comets yet examined with the spectroscope exhibit (as 
respects the light from the nucleus) a spectrum indicative 
of gaseity, though not the same three lines of light which 
form the spectrum of the gaseous nebulsB. Is it not possible 
that around some stars, or systems of stars, there are gaseous 
bodies in some d^ree resembling comets ? If we suppose 
that such an arrangement exists, we should be able to under- 
stand the permanence of the apparent figures of these objects, 
since the slow motions of cometic bodies in the enormous 
orbits indicated by our hypothesis would not be appreciable 
even in hundreds of years* 

I cannot but think that there is some significance in the 
circumstance that so many temporary stars ^ have made 
their appearance ^ in or close upon the borders of the Milky 
Way, and,' as the younger Herschel says, 'only within the 
following semicircle, the preceding circle having offered no 
example of the kind.' May there not be a connection 
between this peculiarity and the circumstance that so many 
of the more remarkable variables lie near the Milky Way ? 
I have already noted the association of Eta Argus with a 
large irr^pilar nebula. Betelgeux, in the neighbourhood of 
the Orion nebula, is another remarkable variable. Near the 
nebidar region of Cygnus there are also several variable 
stars. 

The Magellanio Clouds remain to be briefly considered. 
Two arguments have been made use of to show that these 
mysterious objects are not connected with the galactic 
system : — First, they contain forms of nebulse not met with 
within the Milky Way ; and, secondly, there are no traces 
of any streams of nebulous light leading from the Milky 

^ Sir John Herschel says, 'all, vntkout exception',* but, since this was 
irritton, the tempozaiy star, which appeared in Corona in May 1866, haa 
&nned an exception to the mle we have referred to. It is probable that so- 
called temporary stars are in reality merely variables of long period and fitful 
variability. 
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Way towards the Nubeoulse. The former argument presents 
no difficulty. It is, indeed, rather a confirmation of my 
views that they afford an easy explanation of what had been 
held to be a scarcely explicable phenomenon. That the 
processes of aggregation in portions of space not fioklling 
within the galactic annulus should, in certain regions, lead 
to the exhibition of forms seen within that region, can 
hardly be considered very wonderful. But, in connection 
with the second argument, there is a circumstance which 
deserves to be carefully attended to. Herschel dwells 
forcibly on the exceeding barrenness of the regions which 
surroimd the Nubeculse. 'The access to the Nub^ula 
Minor on all sides is through a desert,' he bbljSj in one place ; 
and among his notes on this district we find such expressions 
as *a miserably poor and barren region,' 'a region of 
utter barrenness,' and so on. Now, this peculiarity, so fieu: 
from confirming Herschel's opinion that the Nubecula are 
disconnected with the sidereal system, is directly opposed to 
it. One can understand the phenomenon, if one looks on 
the Nubecula as aggregations formed within regions of space 
belonging to the sidereal system— one would almost eocfpect 
that the neighbourhood of such r^ons should be deficient 
in splendour — dramed of atarsj so to speak. But, if the 
NubeculsB were really distinct systems far beyond the 
sidereal system, there could be no reason for expecting that 
their neighbourhood should be more barren than other 
portions of the sky — still less that it should be oppreadvdy 
barren. May we not go farther, and say that there is no 
way of accounting fqr so remarkable a phenomenon, save on 
some such hypothesis as I have presented ? 

But this is not all. It has been well remarked by Sir 
John Herschel, that the Nubeculse are so nearly circular as to 
render the assumption that they are otherwise than globular 
in figure utterly improbable. It follows, therefore, that the 
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farthest part of either globe is not much farther off propor- 
tionately than the nearest part. Hence the NubeculsB show 
us that ^ stars of the seventh and eighth magnitude and irre- 
solvable nebulsd may coexist within limits of distance not 
differing more in proportion than as nine to ten.' Surely 
this circumstance is of greater force than Sir John Herschel 
seems to assume. He says that ^ it must inspire some degree 
of caution in accepting as certaim,^ the views ordinarily held 
respecting stars and nebulae. To me the fact that stars and 
irresolvable nebulse appear intermixed in the Nubeculae seems 
to afford decisive evidence of the justice of the views which 
I have been induced to accept on other grounds. In the &ce 
of such evidence, the old theories respecting the universe 
seem to become wholly untenable. 

From the Student to Febroaiy, ICaich, and April 1869. 
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WHAT FILLS TEE STABrDEPTHSf 

For more than two centuries and a half astronomers have 
studied the depths of heaven with the telescope, piercing 
farther and yet &rther into wondrous abysms of space, 
gathering clearer and yet clearer information as to the struc- 
ture of celestial objects, and accumulating an untold wealth 
of knowledge respecting the habitudes of the great system 
whereof our sun is a constituent orb. During all this process 
of research the great end and aim of astronomers has been 
to extend the range of their instrumental appliances, iu order 
to analyse more scrutinisingly the features of each portion of 
the celestial depths* Now and then it has occurred to some 
among their number to endeavour to combine the results 
which have been gathered together with so much pains ; but 
these attempts have been almost lost sight of amidst the 
continual accumulation of fresh facts. The efforts made to 
arrange and systematise our knowledge have been altogether 
out of proportion with its extent. 

And very strangely, when any attempts are made to 
educe from the labours of observers their proper significance, 
to reap the harvest which is already ripe, or rather to grind 
the com which is already in our gamers, the cry is raised 
that such attempts are fit only for the theorists, that they 
argue a want of appreciation of the labours of observers, and 
that we have more to hope from fresh observations than from 
any process of mere reasoning. Surprising, indeed I that 
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those who say ^ Let us use the observations already made' 
should be accused of undervaluing observation; and that 
those who can find no value or significance in past observa- 
tions should call so eagerly for fresh ones t 

I make these remarks because I am about to exhibit 
certain views respecting the habitudes of interstellar space, 
which have been formed from the study of the past labours 
of astronomers. I am fully sensible of the fact that to many 
I should seem better worthy of a hearing if I nightly timed 
my watch by the stars, if I had spent a few years of labour 
in attempting to divide well-known double stars with in- 
adequate telescopic power, or if I had in some other equally 
convincing manner exhibited my title to be regarded as a 
member of the now large array of amateur telescopists who 
work so hard and effect so little and suppose themselves to 
be practical astronomers. Let me not be misunderstood, 
however. It is only because I wish to see amateur telescopists 
engaged on more useful researches, because I wish to see 
them devote a little more consideration than they do now to 
the thought of advancing astronomy, that I speak slightingly 
of the modes in which at present they are for the most part 
wasting time. We want all their help, and more, to advance 
the interest of our well-loved science; all their telescopic 
appliances are too few for the work astronomers would like 
to see them doing. 

In studying the heavens, we have always this great diffi- 
culty, that we are looking at objects which lie in reality at 
very different distances, but which appear to lie on the con- 
cave surface of a vast spherical enclosure. It seems almost 
hopeless to attempt by any processes of observation to obtain 
reliable estimates of the distances of all, save a very few, of 
the fixed stars. It is not going too far to say that we are 
tolerably certain of the distance of only one star in the 
heavens— the star Alpha Centauri. This being the case, and 
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the heavens spangled with millions of objects at altogether 
unknown distances, we must look carefully round us for evi- 
dence of another kind than that derived from actual measure- 
ment, we must look for signs of association, for definite laws 
of aggregation — ^if any such exist — and, if possible, we must 
apply that mode of inquiry from analogy which Sir William 
Herschel found in many instances so effective. 

And here, as I have mentioned the name of this great 
astronomer, to whom we owe the first systematic survey of 
the heavens, and the first attempt to reduce the results of ob- 
servation into law and order, I wish, with extreme diffidence, 
to point to what I cannot but consider an error of judgment 
in his selection of the principles which were to guide his 
survey of the heavens* It appears to me, that it would have 
been in all respects better had his first processes of stellar 
observation been directed to gauge the probability that this 
or that law of distribution prevails in the heavens, rather 
than to the application of a system of star-gauging, which, if 
founded on a mistaken assumption was necessarily but a 
waste of labour. It would have been a misfortune if the un- 
equalled observing qualities of either the elder or the younger 
Herschel had been misapplied for a single hour ; but the pos- 
sibility that the labours of both these astronomers should 
have been devoted year after year to a process which (if my 
views are just) was practically useless, is painful indeed to 
reflect upon. It is true that the labours of the Herschels 
have been so numerous and so widely extended, that even the 
recognition of their star-gaugings as of little real utility 
would leave the great mass of useful results credited to them 
almost unaffected ; but it would remain none the less a mis- 
fortune that labours, which in ^he case of other men would 
have worthily filled a lifetime, should have been misdirected. 
And yet, when one considers the matter apart firom pre- 
conceived notions, how inconceivably small the chance 
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appears that those laws of distribution believed in by Sir 
William Herschel actually prevail within the sidereal depths. 
How amazing that to his clear perceptions the idea should 
ever have seemed probable that the celestial spaced are occu- 
pied only by orbs resembling our Sun 1 For be it distiuctly 
noted, that his belief in the existence of gaseous nebulse, and 
orbs in various stages of development, belongs to the later 
part of his career as an observer. Undoubtedly the whole 
system of star-gauging was founded upon the belief that the 
sidereal system consists of stars, varying greatly perhaps in 
size, but still not so greatly but that the least of them would 
be visible in Herschers great telescope, as far as the very 
limits of the sidereal system, and that these stars are distri* 
buted with a certain general imiformity throughout space. 

It is well to observe how fatally any error in this fimda- 
mental hypothesis affects the significance of any system of 
star-gauging. We turn a telescope in a given direction, and 
we see, perhaps, but four or five faint stars. According to 
the Herschelian hypothesis, the limits of the sidereal system are 
near to us in that direction, because the stars seen are so few ; 
and these stars being necessarily within those limits, and 
faint, belong probably to the lower orders of real magnitude. 
But what if that hypothesis be erroneous — if there may exist 
in this or that direction vast blank spaces a thousandfold 
larger, perhaps, than the whole sphere of the visible stars in 
extent ? Then, perchance, these four or five faint stars may 
lie farther from us than the farthest belonging to some of the 
richer star-fields ; they may form a group of orbs which in- 
dividually surpass Sirius or Canopus in magnificence, and are 
separated from each other by distances exceeding many 
thousandfold those which separate our Sun from neighbouriag 
luminaries. But yet again, suppose that in any direction our 
telescope reveal crowded star-fields, orbs of all orders of ap- 
parent brightness, ^ strewn as by handfuls, and both hands 

H 
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MI,' and each increase of power adding fresh riches to the 
display. According to the Herschelian hypothesis, there is 
but one explanation of these wonders ; we axe looking into a 
widely extended part of the sidereal system, and those differ- 
ent orders of stars lie at different orders of distance — ^the 
farthest at distances so enormous that we cannot attain to 
them. But in what a different light we must regard the 
scene if we remember the possibility that that wondrous 
wealth of stellar display need by no means argue enormous 
extension I All those sparkling orbs may be gathered into 
one region of space, their various orders of apparent lustre 
arguing various orders of real magnitude. Instead of 
looking into star-lit paths, which extend linearly from the 
eye far out into space beyond the ordinary limits of distance 
separating from us the outer boimds of the sidereal system, 
we may in fact be contemplating a wondrously variegated 
star-group. 

But the conclusions we are to form must be founded not 
on the consideration of what may be, but on our observation 
of what is* There is abundant evidence for forming probable 
views respecting the general laws prevailing within the 
sidereal system, — at any rate for deciding whether it is more 
probable there is or not any general imiformity of distribu- 
tion within its limits. 

One direct consequence of the laws of probability has been 
very much lost sight of in dealing with the subject we are 
now engaged upon. It has been urged that where so many 
stars- are spread over the heavens, at so many various dis- 
tances, we ought not to be surprised if very great varieties 
of distribution should be observed, nor conclude, therefore, 
that the general uniformity predicated by Sir William Her- 
schel may not prevail as respects distribution in space. It has 
been forgotten that the vastness of the numbers in question 
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should tend to a uniformity of apparent distribution, instead 
of the reverse. 

I had been led myself to overlook this consideration, 
obvious as it is, until it was impressed upon me in a very 
striking manner during a somewhat novel process of research. 

I wished to determine what peculiarities of distribution 
might be expected to appear among a number of points 
spread over a plane surface perfectly at random. It is clear 
that this is a preliminary consideration very necessary for the 
purpose of determining whether the laws of distribution seen 
among the stars are accidental or not. Now, the problem 
of determining by purely mathematical considerations what 
peculiarities would probably appear in a chance distribution 
of any given number of points, is one which may be re- 
garded as altogether too difficult for solution. Very simple 
problems of probability have been found perplexing, insomuch 
that two eminent mathematicians of the last century are said 
to have disputed over the question whether the chance of 
tossing one * head ' and one * tail ' in two throws of a coin were 
one-half or one-third.' . But problems concerning the chance 
distribution of points are specially difficult, as any one will 
find who tries a few apparently simple ones.* Therefore, I 
sought to solve this particularly complex problem in a 
practical manner, by simply spreading a niunber of points 
at random, and examining the result. But how to distribute 

> The erroneous reasoning by which the answer is made to be one-third 
seldom fails to puzzle the uninitiated. * There are,' said D^Alembert^ ' three 
possible events : either two heads must be thrown, or two tails, or head and 
tail ; of these three possible erents, only one is favourable. The chance of 
that event is, therefore, precisely the same as the chance of drawing one parti- 
eolar ball out of a bag containing three — ^that is, it is one-third.' 

* For instance, here are two : (I.) On a square surface of given size (say 
one square foot) two points are marked in at random ; what is the chance that 
they will be within a given distance (say one inch) of each other ? (2.) Three 
bullets strike a«cirGular target three feet in diameter ; what is the chance that 
the lines joining the three points where the target is struck will include a 
triangle less than one square foot in area ? 

H 2 
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points perfectly at random ? It seems very easy, but is not so 
by any means. Suppose we take a handful of grains, and 
throw them upon a table. Will they then be strewn without 
law or order ? Very far from it. The fact that they have 
all come from the same hand will lead to very obvious effects, 
taking away altogether from the desired random character of 
the distribution. Then again, suppose we were to distribute 
grains over a table from a sieve as large in extent as the 
table, and uniformly filled. In this case the grains would be 
distributed with a uniformity not appertaining to chance 
distribution. And so of a niunber of other coDtrivances 
which may be thought of ; in every case of mechanical dis- 
tribution, we always find either an enforced inequality or an 
enforced equality of distribution, not that really random 
distribution which we require. 

The plan I actually adopted, if laborious, was at least satis- 
factory in this respect. I took a table of logarithms (any 
other book ftdl of tabulated figures would have done equally 
well), and, opening the book at random, brought down the 
point of a pencil upon the page of figures. The nmneral 
on which, or nearest to which, the point fell, I entered in a 
book. In this way I took out several thousand figures, 
following each other in altogether random sequence. Then, 
having divided two adjacent sides of a square into 100 equal 
parts, I drew parallels to the sides, through the points of 
division, thus dividing the square into 10,000 small squares. 
Now suppose the first four figures in my list to have been 
73 I 24. I took the seventy-third parallel measured from 
one side, and the twenty-fourth measured from the adjacent 
side of the square, and at the point where these lines intersected 
I placed a black dot. I treated the next four numerals in 
the same way ; and so on until I had exhausted the series. 
I thus had upwards of 1,000 dots distributed perfectly at 
random over the square. 
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Now, as I went on marking in the dots, I found that at 
first groups and streams might very well be imagined to 
exist among the dots. But as the process continued these 
groups and streams were obliterated (so to speak), until at 
length, when all the dots were marked in, it required a very 
fanciful imagination indeed to conceive that any signs of 
special laws of distribution existed among them. I was thus 
reminded of the great law of probability, that the mere 
numerical increase of trials ensures a steady increase in the 
uniformity of the results. For example, if one tosses a coin 
a few times, there will often result a very remarkable pre- 
ponderance of * heads ' or * tails ; ' but when one continues 
tossing the coin a great number of times, the ratio between 
the number of ^ heads ' and ' tails ' approaches more and more 
nearly to equality. And, applying this law to the case under 
consideration, it follows that if a very large square sheet were 
divided into an indefinitely large number of small squares, 
and an indefinitely large number of perfectly equal dots 
were marked in according to my plan, or according to any 
plan securing a perfectly random distribution,^ an accurate 
miniature of that sheet (taken by photography, suppose) would 
be found as uniformly tinted by these chance-distributed 
dots as by any mechanical process of uniform dotting. 

Therefore, supposing that any general approach to uni- 
formity of distribution exists among the stars, we ought to 

* One of the most interesting resulte of any such process as that above 
deseribed, is the striking evidence afibrded of the fact that any ciicumstanco 
affecting the random character of the distribution is sore to tell when many 
trials are made. I was led to inquire whether in my list of numerals any 
special number seemed undtdy to preponderate. I found that the number 
S appeared oftener than the rest, and that to an extent which I could not 
ascribe to mere accident; 1 and 7i on the other hand, appeared less fre- 
quently than the rest. The reason is obvious: the figure S covers more 
space, 1 and 7 less space, than any other figures ; so that when the point of 
the pencil fell between an S and one of these figures, the chances were more 
favourable to the S being selected as the figure nearest to which the point 
came. 
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find all signs of special arrangement disappearing as we 
extend the range of our researches. We cannot then possibly 
explain the peculiarities actually observed as due to the 
enormous number of stars and the resulting probabiUty that 
remarkable arrangements might accordingly be looked for. 
The exact reverse is the case. 

Now I conceive that so soon as we pass the third or fourth 
orders of star magnitude, we reach orders large enough, 
niunerically, to supply the information, clear of the effects 
of mere accident, which we actually need in this instance. 
Among the stars down to the fifth magnitude, there is surely 
a suflScient number to enable us to begin to reason, with 
some degree of confidence, as to the constitution of stellar 
space. Therefore when, in 1866, I was constructing my 
gnomonic maps of the heavens, in which stars of these orders 
are included, I was disposed to regard the signs I met with 
of special laws of distribution as significant of real laws; 
and accordingly I put forward, in that year, the theory that 
the stars are aggregated into streams and clustering aggre- 
gation s, with relatively bare spaces all round them. And, 
furthermore, it seemed to me, even at that stage of the 
inquiry into the habitudes of stellar space, that the Milky 
Way probably consists of relatively minute stars, and not, as 
had been supposed, of stars generally comparable with oiu: 
Sun, and forming a system extending to enormous distances 
on all sides of us ; while I was led to regard the nebulae as 
belonging to the sidereal system, and not as external galaxies 
resembling that system. 

But recently I have had occasion to apply processes of 
mapping to stars down to the sixth magnitude, or, in all, to 
four times as many stars as before. And clearly one cannot 
f^;ard signs of arrangement among so many as 6,000 stars 
as being due to accident. The largeness of the niunber 
altogether precludes the possibility of this being the case. 
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When^ therefore, it appears that among stars of the first 
six magnitudes there are signs of special laws of aggrega- 
tion, we are bound to accept as Intimately following from 
the evidence, the conclusion that real laws of aggregation 
exist among the stars. We may not be able to tell what 
these laws are — we may mistake a number of separate 
clusters for a stream of stars, or the nearer end of a stream 
for the fiEu^her end, and so on ; but the broad fact remains 
that the stars are gathered into some regions and withdrawn 
firom others, and, further, that within the same region of 
space stars of very different orders are, in many instances, 
gathered together. 

The general results of a systematic survey of the stars of 
the first six magnitudes seem certainly to force upon us 
such conclusions. They are as follows : — 

1. The southern hemisphere contains more stars of the 
orders considered than the northern, in the proportion of 
about seven to five. 

2. The stars of these orders are gathered into two 
definite regions — a northern and a southern — so markedly, 
that the distribution of stars within these regions is richer 
than the distribution over the rest of the heavens, in the pro- 
portion of about five to two. 

3. The stars of these orders are associated in the most 
intimate manner with the Milky Way, insomuch that when 
the Milky Way is included with the two rich regions above 
named, it appears that stars in the single division thus 
formed are distributed about three times as richly as over 
the remaining portion of the heavens. 

These results cannot be regarded as due to mere chance- 
distribution, unless we are to forget all the rules which the 
science of probabilities lays down for our guidance in such 
cases.^ And if once we admit that they result from real 

' The effect of numbers in diminishing the probability of such signs of law 
resulting from mere chance-distribution, must here again be insisted upon. It 
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laws of aggregation, our estimate of the nature of the sidereal 
system is wholly altered. We see at once that we are not 
dealing with a system that can be gauged ; for if within the 
limits of naked-eye vision there exist these aggregations and 
these Idcunoe, we may be full sure that throughout the 
sidereal system they exist also ; and what confidence can we 
have in any system of gauging applied to depths so diversely 
occupied ? Our sounding-line may light on a rich stream 
or clustering aggregation of stars, or it may pass through 
relatively vacant spaces, yet we can by no means conclude 
from the richness of the one region or the poverty of the 
other, that the line reaches the limits of the sidereal scheme 
either very far off or relatively very near. 

Again, regarding either of the rich regions referred to 
above as consisting wholly or in part of a definite aggre- 
gation of stars happening to lie relatively near to us, is it 
not abundantly evident that other such aggregations at 
different orders of distance would exhibit many of the features 
which we see in the nebulae, and have been in the habit of 
associating with regions lying beyond the sidereal system ? 
Or — to arrive at a similar conclusion from different evidence 
— if the Milky Way be really, as it seems (from the third of 
the above results), a stream of stars of many different orders, 
with an enormous preponderance of relatively small stars, is 
it not abundantly evident that, supposing any portion of this 
stream removed to a greater distance, the fainter regions 

is most important to notice how it bears upon the conclusions we are to form. 

Here is a simple illustration of the law of probabilities in question. — Suppose 

WA toss a coin 4, 8, 12, and 16 times, and inquire what is the chance that in the 

several cases either heads or tails will preponderate in the proportion of 3 to 1. 

Now the exact mathematical solution of this problem shows that when 4 trials 

take place, the chance is {, or more than J ; when 8, the chance is ^\, or less 

than I; when 12, the chance is ^^, or little more than ^; while when 16 

trials take place, the chance is reduced to jj^g^, or less than ^\. The chance 

would become indefinitely small if, instead of 16, we took several thousand 
trials. 
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would vanish first, and that the brighter regions would 
appear as small discrete patches of nebulous light, — or, in fact, 
as naked- eye nebulae ? Now, conceiving the stream yet farther 
removed, until even these patches become telescopic objects, 
would they not in aU respects resemble the stellar but irre- 
solvable nebulae ? 

Thus it appears to me that we have not only no groimds 
for believing that the nebulae . are external galaxies, but 
tolerably distinct evidence that the stellar nebulae are distant 
aggregations of stars of many orders of magnitude. Such 
aggregations may also themselves present, and doubtless they 
do present, all orders of magnitude, precisely as within the 
two rich stellar regions above referred to we find every con- 
ceivable variety of aggregation, and precisely also as within 
the Milky Way we find, on the one hand, bright regions as 
extensive as that which lies in the constellation Cygnus, and, 
on the other hand, regions as limited as the double cluster in 
Perseus. 

Have we, on the other hand, any satisfactory reasons for 
regarding the nebulae as external galaxies ? Tracing back 
the course of that process of discussion which has led to the 
nebulae being commonly so regarded, can we indicate any one 
argument which may be looked upon as definitely pointing 
to such a conclusion ? / know not of one. I have carefully 
studied the writings of Sir William Herschel, and I venture 
to assert, without fear of valid contradiction, that every 
single consideration adduced in favoiur of the nebulae being 
external galaxies has been founded on the assumption that 
the sidereal system is continuous — that is, on an assumption 
which Sir William Herschel himself was the first to throw 
doubt upon. 

But the evidence derivable even from Sir William 
Herschel's own writings goes farther than this. He not only 
formed views respecting the sidereal system diametrically 
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opposed to those which he had entertained when his concep- 
tions respecting the stellar nebulae were put forward, but he 
arrived, by his cai-eful study of the nebular system, at a con- 
clusion which, rightly interpreted, brings the nebula into 
close association with the bidereal system. For, noticing the 
aggregation of nebulae at the northern region, which lies 
farthest from the Milky Way, he confidently expressed his 
belief that any sound theory of the universe must account for 
that peculiar relation. In other words, no theory of the 
universe can be regarded as soimd which treats that relation 
as accidental. So that Sir William Herschel himself re- 
garded the nebular system in a light which in effect associates 
it in a real manner with the sidereal system. 

In fact, and in conclusion, that great astronomer was not 
bound, as so many of his modern followers have been, by his 
own earlier theories. As his researches continued, his \iew8 
gradually changed. The process of change went on during 
the whole course of his career as an observer. He advanced 
steadily from truth to truth, and when at length the close of 
his labours approached, he looked onwards, not backwards. 
He would have been the last to desire that astronomers 
should take even his latest and best theories as including all 
that they could desire or hope to know ; but it would have 
been even more painful to him to imagine that the views he 
held, when as yet his labours were but beginning, should be 
adopted by future astronomers in preference to those which 
were the fruits of his ripened experience. 

From the Poptdar Science Review for July 1870. 
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STAB^DRIFT. 

Of all the discoveries efifected by Sir W. Herschel, none gave 
greater evidence of his skill in dealing with observed facts 
than his discovery that the solar system is sweeping onwards 
with enormous velocity through intersidereal space. The 
problem had been attacked a year or two before by an 
eminent German astronomer without success. IMayer had, 
indeed, announced definitively that the stellar motions afford 
no evidence to countenance the view that our sun is speed- 
ing through space. No other evidence lay before Herschel 
than Mayer had possessed, nor was there any flaw in Mayers' 
mode of reasoning. Undoubtedly the fiill evidence whicli 
Herschel had to deal with was imfavourable to the idea of 
solar motion. But no one knew better than Sir William 
Herschel that in questions of this sort old Hesiod's proverb 
is applicable, that 'Half is often more than the whole." 
By throwing aside half the evidence, though that evidence 
already seemed sufficiently meagre, he deduced a result 
which all the exact and recondite processes of recent inquiry 
have scarcely been able to improve upon. He pointed to a 
certain region among the stars as that towards which our Sim 
is travelling, and around that region all the best determina- 
tions of modem times have ranged themselves. In Plates 
IX. and X. I have laid down all the points which Madler, 
and Airy, and Argelander, and Struve have successively in- 
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dicated as the apex of the Sun's path in space. These points 
cover a region of the heavens some twenty degrees in length 
and some ten degrees in width ; but the last and best deter- 
mination, the result of a new process invented by the 
Astronomer Royal, and applied (under the able superinten- 
dence of Mr. Dunkin, of the Greenwich Observatory) to 
no less than 1,167 stars, lies within three degrees of the 
spot which Herschel pointed to nearly a century ago. 

It is easy to recognise the justice of the principle on 
which Sir William Herschel proceeded ; and the subject is so 
intimately associated with that which I am about to discuss, 
that a brief sketch of his mode of dealing with the solar 
motion will not be out of place here. 

The only evidence we can have respecting the move- 
ments of the Sun is that to be derived from the apparent 
motions of the objects which surround him. There is no 
irregularity in his stately progress through space to impress 
upon us who move with him the fact that he is not at rest. 
But the stars which lie on all sides around his path, must be 
affected with apparent motions unless they travel with him, 
not only in the same direction, but at equal speed. To the 
unaided eye no signs of stellar motion are apparent. There 
are not, indeed, ten stars in the heavens whose motion in a 
thousand years would cover an arc that the naked eye could 
estimate. But the skilfully constructed instruments in use 
in modem observatories enable the astronomer to measiure 
even the seemingly evanescent movements of the so-called 
fixed stars. In ten years, or in twenty, no change of position 
may be apparent ; but when the observations of our day come 
to be compared with those which were made a hundred years 
ago, the traces of stellar motion become in many instances 
unmistakeable. 

But here one point is to be noticed. A star's change of 
place, even in long intervals of time, is often so minute that 
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instrumental errors may mask it. Instrmnental errors may 
do worse, however : they may miduly magnify the star's 
proper motion, or seem to give proper motion to a star which 
in reality has none. An illustration will serve to give the 
reader some idea of the delicacy of observation required for 
the deteimination of stellar movements. Every one knows 
the seven bright stars of the Great Bear. They form a 
group called by some the Butcher's Cleaver, by others 
Charles's Wain. Now, if any one looks carefully at the 
middle star of the bear's tail, he will notice very close to it a 
tiny star.' The distance separating the bright star &om its 
companion seems very small indeed ; yet a star would be 
thought to have an unusually large proper motion which 
should traverse in a hundred years one-tenth of this tiny 
space. 

The result of this is, that the less perfect our observations 
are, the larger do the stellar motions appear to be. A care- 
less observation at one or other end of the long interval of 
time made use of, will cause a star to simulate a proper 
motion altogether disproportionate to its real movement on 
the celestial sphere. I am not theorising, be it understood, 
on this point. The fact has been well established. I think 
it was Argelander who remarked that the best proof of the 
value of a new catalogue of stars is the extent to which it 
reduces former estimates of the stellar proper motions. I 
have a proof of this immediately at my hand. I open the 
pages of the celebrated ^Star Catalogue of the British 
Association,' and, nmning my eye down a column of proper 
motions, I select the ten largest. I find that out of the ten 
stars thus conspicuous for large proper motions, no less than 
seven belong to the southern heavens, or, in other words, to 

* The Arabs called this star ' the rider/ and the power of discerning it was 
among them a recognised test of sharpness of vision ; but now it is yeiy easily 
seen. 
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the part of the celestial sphere which has been least carefully 
surveyed. The inference is obvious. 

Now, Sir William Herschel felt that if he made use of 
assigned proper motions which were in reality due to care- 
lessness of observation, the result would be vitiated. He saw 
that to multiply the number of stars he considered was to 
multiply the chances of an erroneous determination. Nay, 
if the proper motions of ten stars could be trusted, and 
a himdred doubtful proper motions were dealt with at 
the same time, it was all but certain that no satisfactory 
result could be obtained. Mayer's failure served to prove 
this. 

What Herschel did then was to select only those proper 
motions which by their exceptional magnitude were safe 
from the influence of observational errors. To a few of these 
he trusted, paying no attention whatever to doubtful proper 
motions. The result was that he succeeded where Mayer, 
after much more labour, had signally failed. Like a master* 
bowman Herschel seemed to aim carelessly at the mark, yet 
struck it fair and full. 

But even as Herschel saw the great truth he sought to 
establish shining clearly forth from amidst the gloom in 
which it had hitherto been enshrouded, he became conscious 
of other great truths which stood beside it. With two of 
these we are now principally concerned ; and though as yet 
science has done little to present either of them in their just 
proportions, yet we know enough already to believe that they 
will hold a noble place in the science of future ages. 

Our Sun, sweeping ever onwards through space, tells us 
of a great law of motion to which his fellow-suns also must 
be subject. He is but one among many, when viewed in 
relation to the galactic system. Nay, it is doubtful even 
whether among the suns which shine upon us from beyond 
the vast domain over which our own Sun bears sway, there 
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be not many which as far surpass him in magnitude as the 
giant members of the solar scheme — Uranus and Neptune, 
Saturn and Jupiter — surpass our tiny Earth and its fellows 
among the minor planets. Nor is there aught in the Sun's 
position to lead us to ascribe to him alone swift motion 
throughout space. That, as we view the galaxy, he seems 
to occupy a central position is true enough ; but it is con- 
ceivable, j;f not certain, that there is not a single sun among 
all the stars which deck our skies, from which the same sort 
of scene is not visible as that which is presented to the in- 
habitants of our Earth. 

And this is not all. The very evidence Sir William 
Herschel had made use of proved that our Sun is not the sole 
moving star of the galaxy. Had he been able, by assigning 
a certain direction to the Sun's motion, to have accoimted for 
the motions of all the stars his processes dealt with, he might 
then indeed have inferred the possibility that those stars at 
least are at rest. But this was not the case. The direction 
he assigned to the Sun's motion was that which accounted 
best for the stars' motions, not that which explained them 
fully. The balance of motion which remained unaccounted 
for could be explained only by supposing that the stars 
Herschel had considered were themselves sweeping rapidly 
through space. This view was directly involved in the 
statements Sir WiUiam Herschel laid before the scientific 
world. 

This was one of the great truths associated with 
Herschel's noble researches ; and it is the one with which 
we are here most immediately concerned. But there was 
another which must be considered before we proceed to ex- 
amine the evidence we have respecting the nature of the 
stars' proper motion, and particularly the evidence which 
justifies my description of the sidereal movements as star- 
drift. 
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If the Sun is moving now in a definite direction, it can 
by no means be inferred that this motion will always continue 
to be directed towards the same region of space. All the 
analogies which surroimd us teach us to believe rather that 
his path is of the nature of a gigantic curve re-entering into 
itself mayhap like the planetary orbits, or possibly of a 
complex figure, resembling the paths of those comets which 
belong indeed to the solar scheme, but are swayed continually 
into new orbits by the attractions of the larger planets. 
Whichever of these views is correct, it is certain that the 
part of his patU which the Sun is at present describing, must 
be looked upon as a portion of a gigantic circle. For, no 
matter what the figure of an orbit may be, any small portion 
of the curve may always be regarded as belonging to some 
definite circle. And astronomers have set themselves to in- 
quire into the nature of the vast circle on which, for present 
purposes, we are to regard the Sim as travelling. 

The ingenious Grerman Eistronomer Madler, by a process 
of inquiry into which I need not here enter, has been led to 
regard the star Alcyone, the ' brilliant ' of the Pleiades, as 
the true centre of the Sun's motion. Without pretending 
to render the principle of his researches perfectly obvious to 
the general reader, I may yet briefly state how he has deduced 
a conclusion of so much importance. 

He argues that if the galaxy has a centre within the 
range of the visible stars, a certain peculiarity must mark 
the motions of the stars which lie nearer to the centre than 
our Sun does. As has been already mentioned, the neigh- 
bourhood of the centre of a stellar system is a scene of com- 
parative rest. In the solar system we see the planets 
travelling faster and faster, the nearer they are to the great 
ruling centre of the scheme ; and the reason is very obvious. 
The nearer a body is to a great centre of attraction like the 
Sun, the greater is the attraction to which it is subject, 
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and the more rapid must its motion be t6 enable it to main- 
tain itself, so to speak, against the increased attraction ; but 
in a vast scheme of stars tolerably uniform in magnitude 
and distribution, the outside of the scheme is the region of 
greatest attraction, for there the mass of all the stars is operar 
tiye in one general direction* As we leave the outskirts of 
the scheme, the attraction towards the. centre becomes 
jcounterbalanced by attractions towards the circumference ; 
and at the centre itself there is a perfect balance of force, so 
that a body placed there would remain in absolute rest. It is 
clear, then, that the nearer a body is to the centre, the more 
slowly it will move. This being so, all stars which lie 
nearer than the Sun to the centre must move more slowly 
than the Sun ; and therefore, whatever the direction of their 
motion, they must lag behmd as seen from the Sim I . 

So that if we can detect, in any part of the heavens, a 
community of motion, in a direction opposite to that of the 
Sun's motion, we may take it for granted (on the assump- 
tions involved in Madler's argument) that the centre of the 
sidereal scheme lies in that part of the heavens. 

Now Madler noticed that, in the constellation Taurus, 
there is such a community of motion as he had described ; 
and carefully estimating the amount of motion observed 
among the stars of different orders of magnitude, he thought 
he saw reason for assigning to Alcyone a condition of abso- 
lute rest. 

Here then, if his assumptions were correct, we were to 
recognise the central orb of the sidereal scheme ; not indeed, 
the central orb in the sense which our Sun is the central 
orb of the solar scheme ; not a globe which, by its magni- 
tude, could be held to sway the motions of all the stars which 
lie around it. Alcyone, according to Madler's theory, is 
simply the star which occupies the centre of the sidereal 
Qcheme, but without rule or governance over its fellow-stars* 



114 THE UKIVEBSE. 

These speealations of Madlei^s form, I believe, the sold 
attempt which has yet been made to oo*K)rdinate the motiona 
of the stars into one systematic whole* They have not been 
looked upon as soccessfol, nor has the consideration of the 
subject led astronomers to believe tliat the problem Madler 
attacked is one which ca/n be mastered in the present state 
of our knowledge. 

The objections which have been urged against Madler's 
speculations are too numerous and impoi-tant to be over« 
looked. In the first place, his assumption that there is a 
central orb within the range of the visible stars, is one which 
is at present wholly inadmissible. There is nothing in the 
appearance of the heavens to lead us to suppose that the 
centre of the sidereal scheme is in our neighbourhood (so to 
speak), fiather we should be led, as the celebrated Grerman 
astronomer, Struve, long since pointed out, to regard the 
distance which separates the Sun from the faintest of the 
lucid stars as altogether evanescent in comparison with the 
Sun's displacement from the centre of the galaxy. Again^ 
Madler's mode of treating the question involved the supposi-r 
tion that all the stars travel in almost circular paths around 
the centre of the sidereal scheme, since any great eccentricity 
in their orbital motion would involve a total change in the- 
character of their motion at definite distances from the 
centre. Then he assumed a knowledge, on our part, of the 
distances of stars of different degrees of brightness, which 
was altogether more exact than any we can really pretend 
to possess. These and other considerations have led all the 
most eminent of our modem astronomers to look upon 
Madler's hypothesis as one which, in the present state of our 
knowledge, we have no right to look upon with favour. 

To these arguments I am able to add another which has 
hitherto, I believe, escaped notice — the fact, namely, that 
the community of motion which Madler noticed in Taurus, 
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and which he supposed to be exceptional, Is in reality a 
feature commonly to be met with among the stars, and is, in 
&ct, simply an illustration of that peculiarity which I have 
ventured to designate by the name of ^ star-drift.^ 

Let us return, however, to the stellar motions which the 
searching eye of Sir William Herschel had detected at an 
early stage of the inquiry* 

As the apparent motions of the stars were examined with 
greater and greater care, it became more and more evident 
that every star is rushing swiftly through space ; for, although 
every fresh determination of the nature of the Sim's motion 
showed a general agreement with Herschel's result, yet there 
was a sufficient divergence to prove that some causes other 
than variations in the method of calculation are at work in 
causing the discordance. 

But it is only in comparatively recent times that it 
has been shown demonstratively, how largely the apparent 
motions of the stars are due to the real movements of these 
bodies in space. The Astronomer Boyal commenced, in 
1859, a process of inquiry which was at once more rigid and 
more complete than any which had hitherto been applied to 
the subject. The principle of the new mode of inquiry was 
remarkably simple. Mr. Airy argued that, if we are to 
obtain a really conclusive answer to the great question of the 
Sun's motion in space, we must remember that the stellar 
motions, though apparently taking place upon the celestial 
sphere, have really no relation at all to that imaginary 
surface* We must look upon them, he said, as taking place 
in reality in space, and apply to them the mathematical - 
processes which result from that consideration. It need 
hardly be said,that,as we know nothing of the motions of recess 
or approach which stars may have-— though the spectroscope, 
in the able hands of Dr. Huggins, promises soon to remove 
that defect in our knowledge — the whole question becomes 

12 
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one of probabilities. But we oan deal matbematically with 
probabilities of this sort, and thus deduce from a number of 
observed relations, whose actual significance is uncertain, the 
result which is mathematically the most probable. This 
was the problem which Airy solved, and it cannot be doubted 
that the solution of a problem so complex and perplexing is 
one of the most useful results which modem astronomy 
has achieved. 

With the solution of this problem, however, came several 
imlooked-for difficulties. 

The point towards which the Sun was found to be 
moving, accorded most satisfactorily with the results which 
had been obtained by other methods. The rate assigned to 
the solar motion was also in close accordance with that which 
the younger Struve had obtained by a different process. I 
may mention in passing what this rate is, because it is 
important that we should have clear notions respecting the 
amount of motion which we may look for among the 
members of the sidereal system. It appears, then, from the 
researches of Otto Struve on the one part, and those of the 
Astronomer Boyal and Mr. Dunkin on the other, that the Sun 
is moving at the rate of about a hundred and fifty millions of 
miles per annum. Although this velocity seems enormous, 
it is in reality smaller than the velocities we notice in many 
parts of the solar system. Our own Earth moves more than 
three times as £a.st in her orbit, as the Sun on his path 
through space* Indeed, the diameter of the Earth's orbit is 
thirty millions of miles greater than the distance annually 
traversed by the Sun.^ 

^ The peculiarity of the Earth's real motion in space, when her orbital 
notion is combined with the Sun's progressiYe motion, has proved a source of 
fltrange difficulty to many persons, ever since Sir V^lliam Herschel announced 
his solution of the problem of the Sun's motion. Although Newton had pro- 
Tided for the possibility of the Sun's motion, many imagine that the Newtonian 
theory of graTitation« and eyen the Ck>pernican theoiy are endangered by the 
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So far the results of the Astronomer Boyal's researches 
were in close accordance with the views already entertained 
by astronomers. But in the progress of the inquiry certain 
processes had been performed upon the tabulated proper 
motions of the stars which rendered it easy to apply an inte^ 
resting test to the theory of the Sun's motion, or rather to 
the power which that theory may have of accounting for the 
stellar motions. It was possible in &ct to apply the effect 
due to the Sun's motion in space, as a correction to the 
stellar movements. It seemed clear that if this were done, 
the result should be that the total amount of apparent 
motion would be largely diminished. If a person is moving 
rapidly amidst a crowd of moving persons, the appearance of 
movement in the crowd is in general much more striking 
than it becomes when he stands still; and what the Astro- 
nomer Royal was really doing — or rather what he was 
theoretically doing — ^was to make the stars' motions such as 
they would be if the Sun were suddenly reduced to rest. 

But the result of these processes was not that which the 
Astronomer Boyal had looked for. The stellar apparent 
motions, instead of being considerably reduced by the 
change, remained very nearly as large as they were before. 

Speaking of this result nearly a year after the Astro- 
nomer Boyal's labour had been published, Mr. Main, then 
President of the Boyal Astronomical Society, remarked that 
' the inevitable logical inference deducible from Mr. Airy's 
researches, is that the whole question of solar motion in 
space, so far, at least, as accounting for the proper motions 

complexities thiiB introduced into the solar tiystein. It need hardly be said 
that the question of the path actually pursued by the Earth in space is merely 
one of curiosity, the orbital motions of the Earth being absolutely unaffected 
by the progressiye motion which she shares with the Sun. As a matter of 
&ct, it is worth mentioning that the Earth's path in space resembles the thread 
of a screw haying a skew axis — the direction of the Sun's motion being in- 
clined about fifty-four degrees to the plane of the Earth's orbit. 
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of the stars is concerned, appears to remain in doubt and 
abeyance.' It must be understood, however, that the doubts 
here expressed by no means rest upon the fact of the Sun's 
motion. We are forced to believe that ao7n& of the assump- 
tions upon which we had been proceeding with confidence, 
are more than questionable. It may be, for example, that 
our ideas of the stellar distances require to be modified^ 
Or again, it may be that the stars are not moving indepen- 
dently, but according to some system which tends to falsify 
all the general assumptions we had formed on the hypothesis 
that they are independent suns like our own. And, again, 
there may be laws of motion which associate the stellar 
movements in a special manner, without any actual associa- 
tion of the individual orbs. 

I was led some time ago, by considerations wholly 
distinct from those which I have been dealing with above, 
to form the opinion that if the proper motions of the stars 
were Tnappedj there would be rendered apparent signs of 
association between stars much farther apart on the heavens 
than the members of the widest double or multiple star- 
systems. In the third essay of this series, I pointed to the 
fact that associated proper motions would afford significant 
evidence in favour of the theory that the signs of stellar ag- 
gregation in certain parts of the heavens are not accidentaL 

I therefore proceeded to map down the proper motions 
which the Astronomer Boyal had used in his calculations. 
(See Plates IX. and X.) It need hardly be said that 
a map of proper motions speaks much more intelligibly and 
clearly respecting the meaning of those motions than the 
most carefully constructed table could do. Astronomical 
tables are necessarily arranged in such a way that stars which 
lie near each other in the heavens are often far apart in the 
catalogues. It is therefore impossible to form any clear con- 
ception of the general character of the motions prevailing in 



.STAR-DRIFT. 11^ 

any given t^oxi of the heaVens* When a chart had been so 
Constracted as to exhibit the stellar motions to the eye, thift 
difficulty was at once removed. 

The plan I adopted was to attach to each star a little 
arrow, whose direction and kingth indicated the character 
and magnitude of the star's proper motion. In order that 
these arrows might not be too small, I gave them the length 
<x>rresponding to the star's motion during a very long interval 
of time. For convenience, I made one degree on the map 
Qorrespond to a stellar motion of one-tenth of a second ; the 
result being that the motions actually represented are those 
which would take place in the course of 36,000 years. Evea 
so magnified, most of the motion-arrows are inconveniently 
minute. 

The maps included at first only the 1,167 stars dealt 
with by the Astronomer Boyal, but I subsequently added 
upwards of 400 stars, whose proper motions had been calcu- 
lated by Mr. Stone, of the Greenwich Observatory, from 6b^ 
servations as trustworthy (having, in &ct, been made by tha 
same observers) as those which Mr. Main had used in pre^ 
paring the catalogue of 1,167 stars. . 

The maps * fully justify the term * star-drift,' which I 
have applied to the stellar proper motions. ' 

Remembering that the stars which are visible to us lie 
at very different distances, we see that if a real star-group 
exists in space, having dimensions which cause it to appear 
to cover a widely-extended region of the heavens, we must 

> The maps show aUo the estimated position cf the apex of the solar way 
aceor^ng to the leoeaiches of Sir W. Horschel, 6. Strove, Aigelander, Hadler, 
the Astronomer Boyal, and othert. Arrows hare been placed over all parts of 
both maps, corresponding in length and direction to the estimated apparent 
motion of a star of the first magnitade, supposed to be at rest, but changing in 
apparent position on aooonnt of oar Son's motion. Thus it becomes possible 
to determine at once whether a star or set of stars in any region be moving, or 
not, in a way corresponding (in direction' and rate) with the effects due to the 
6im's motion* 
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expect to find that other stars in the same region do not^ 
belong to the group. Not only so, but it must be looked 
upon as highly probable that the stars seen in any given 
direction may belong to three, four, or more star-groups, if 
the existence of star-groups i^ a real facL Th^efore we 
might expect the existence of star-groups to be more or less 
masked by the effects which would follow from their appa- 
rent intermixture. If, for instance, a general concurrence of 
proper motions in a definite direction is to be held indicative 
of the &ct that the stars so moving form a single system, 
then we might expect in general to fidl in detecting such 
systematic drift, on account of the perplexities introduced by 
some other drift belonging to a set of stars apparently mixed 
up with the former. And if three or more star-drifts were 
mixed up together in this way, the problem would become 
still more perplexing. 

Thus, all that was to be hoped for (as it seemed) was 
that here and there some sufficiently well marked cases of 
star-drift might not be masked by the effect of other 
motions. 

The result, however, was more satisfieuHx)ry than I had 
anticipated. 

In some regions large groups of stars are seen to be 
drifting bodily in a definite direction. The most remarkable 
instance of this sort occurs in the stars which form the con- 
stellations Gremini and Cancer. AIL these, amounting in 
number to seventy or eighty, are drifting towards the neigh- 
bouring part of the M^ky Way, with the exception of three 
stars, which seem to belong to another system. Another 
remarkable instance is to be found in the stars of the con- 
stellation Taurus. This is the instance of concurrent proper 
motions on which Madler founded his theory that Alcyone is 
the central sun of our galaxy. The drift in this part of the 
heavens is in a manner opposed to that in Cancer and 
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G-emini. The two systems are, in fact, divided by the Milky 
Way, and each seems drifting towards that zone. 

More commonly, however, two or three forms of star- 
drift are seen intermixed in the same region of the heavens. 
And here it might seem difficnlt to pronounce whether in 
reality there are any associated movements, since it would 
clearly not be impossible that a mere chance distribution of 
motions might simulate a tendency towards two or three 
definite directions. There is, howeveir, a circumstance 
which at once serves to establish the true significance of the 
observed relations. If the motions in one di/rection have, 
besides, a general agreement in respect of Truignitude, we 
can clearly assume with a much greater degree of probability 
that they indicate a real drift, or rather, that the stars they 
belong to form a real system. Nay, the mere fiEu^t that a 
number of stars in a given region have a very minute proper 
motion, while all the rest have large motions, would show 
that the former form a system perfectly distinct from the 
latter. One instance will serve to show the power of this 
new mode of discrimination. 

Of the seven bright stars in the Great Bear, five are 
travelling in a common direction with uniform velocity. 
The other two are travelling in another direction and also 
with a common velocity. We cannot doubt that the first 
five, at any rate, form a system, drifting along bodily. For 
let us sum up the evidence. First, we have the compara- 
tively weak evidence derived from the general equality of 
the five stars, a peculiarity which has in all ages led 
observant men to entertain the impression that these stars 
are in some way associated* Next, we have the fact that the 
five stars are travelling in the same apparent direction, and 
the significance of this point it is easy to estimate, because 
the antecedent probability that, taking the direction of one 
star of the five as a standard of reference, the other four 
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would be found to be travelling in the same direction, id 
demonstrably minute. Lastly, we have the evidence derived 
from the equality of the motions of the five fltars, and here 
Q,gain the antecedent probability of the coincidence is so 
minute as to force upon us the opinion that the actual 
coincidence is not acddflital. The combination of the three 
lines of evidease leads to a feeling of absolute certainty that 
the fire stars are associated into a single scheme or system. 

Let us pause for a moment to contemplate the significance 
of this result. One of the stars of the set of five is the 
middle star in the tail, which I have already referred to as 
having a companion visible to the naked eye. Now, it had 
long since been proved that the bright star and its small 
companion are really connected. The evidence had been no 
other than that community of proper motion which I have 
been dealing with in the case of the five stars. Mizar and 
Alcor, then, were looked on as a wide double, and astro-* 
nomers had contemplated with interest and amazement the 
wondrous cycle corresponding to the motions of . star? 
separated in reality by an enormous interval. For the 
nearest of the starf» in our northern skies is more than 
720,000 times farther from us than we are from the Sun. 
Mizar is presumably much farther away. Now, whatever 
distance separates Mizar from us, cannot be more than about 
240 times as great as that which separates Alcor from Mizar : 
so that Alcor must be at least 3,000 times farther from its 
primary orb than we are from the Sun. How enormous, 
then, must be the period required for the revolution of the 
two stars around their common centre of gravity I 

But this is not all. Mizar has a close companion, as 
well as its distant companion, Alcor. This close companion 
has the same proper motion as Alcor and Mizar, and belongs, 
therefore, to the same scheme as the other four stars. A 
sort of dignity is thus given to the star-system we are 
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considering, by the triplicity of one of its members. At 
present, however, we are dealing with another consideration 
r-4he magnitude, namely, of the cjclio period appertaining 
to the asheme. Now, the close companion of Mizar, though 
undoubtedly it is in reality travelling round that star, 
moves yet so slowly that no sign of a change of place has 
as yet been detected by lotronomers* Therefore the period 
of revolution, even for this corniamtively close pair, must 
be very large, and Alcor must have a very vnicli longer 
period; so that we may accept without surprise Baron 
Mi^^'s estimate that Alcor occupies no less than 7,659 years 
in travelling around Mizar. 

But what sort of periods can we assign to the cyclic 
revolutions of the five stars, when the comparatively close 
companions of one of the set occupy periods of revolution so 
enormous ? Again, how can we resolve the questions which 
at once, suggest themselves respecting the relations which 
prevail in such a system ? That the whole system revolves 
around its centre of gravity is of course certain. But there 
are numberless ways in which the revolution may take place, 
depending on the relations between the weight and 
velocity of the different orbs forming the system. Any 
two of the five may really form a pair, any three may form 
a triplet. We cannot tell where the centre of gravity of 
the scheme may be. We have no knowledge of the true 
relative positions of the five orbs. We cannot guess what 
the real direction of their orbital motions may be. We sure, 
in fact, altogether in doubt on every subject connected with 
the system, except the main fact that the whole system has 
a drift carrying it bodily forwards at the rate of many 
millions of miles per annum. It is in this connection that 
the appearance of such sjrstems as these in the heavens, seems 
to me so interesting — I may almost say, so imposing a 
phenomenon. The life of man is a period too short to tell us 
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anything even of the subordinate motions of such a scheme^ 
— ^the motion of Mizar's companion about its primary, or of 
Alcor about both ; but the duration of the human race, nay, 
of the solar system itself, may be out-lasted by a single 
revolution of the great starnsystem placed out yonder in the 
celestial depths. From the £ax-off times of the Chaldsean 
shepherds the great Septentrion star-system has looked down 
with seemingly unchanging aspect on the rise and fall of 
many nations and races of men* When the human race has 
perished from this globe, when the earth has become what 
the moon now is, a scene of utter barrenness and desolation, 
the star-system will doubtless have exhibited many changes* 
But only when millions of aeons have passed, and the earth 
is nearing the scene of its final absorption beneath the solar 
oceans, will the stately motions of the star-system have 
b^un to work out the full series of cyclic changes apper- 
taining to a scheme so extensive and so complicated. 

But the star-drift in Ursa Major is only one instance out 
of many. Looking more closely than we have yet done into 
the sidereal scheme of which our Sun is a member, we see it 
breaking up into subordinate star-systems of greater or less 
extent. Our Sun himself may not be a solitary star as has 
been commonly supposed. From among the orbs which 
deck our skies, there may be some which are our Sun's 
companions on his path through space, though countless 
ages perhaps must pass before the signs of such companion- 
ship will be rendered discernible. On every side we see 
drifting star-schemes, and comparatively few stars are to be 
recognised as voyaging in solitary state through space. 
From the complexity of such systems as we see in Gremini 
and Cancer, to schemes such as the one in Ursa Major, and 
thence to solitary stars such as Arcturus and Sirius appear 
to be, we recognise a number of gradations, and it yet 
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remains to be determined to what class of these schemes our 
Smi belongs. 

Verily much remains to be learnt respecting our galaxy. 
Since the days of Sir W. Herschel, or rather since the 
younger Herschel completed the noble series of labours 
commenced by his father, a sort of rest has fallen upon 
astronomy, so far as the science deals with the relations of 
the great sidereal system. But there is room for much new 
labour in this wide field of research. The Herschels dealt 
with generalities. They discussed the galaxy as a whole, 
and it was no part of their work to examine into the details 
of the stellar scheme. The work they took in hand to do 
they accomplished with marvellous success, insomuch that 
they have left little for others to achieve in the same 
direction. But it would be a mistake to renew the 
Hersehelian mode of inquiry — to continue to neglect details 
and consider only the grander features of the galaxy. The 
work of survey has been completed. In examining, part by 
part, the field which has been plotted out for us, we must 
adopt new principles for our guidance. To deal, Tum;, with 
generalities alone, as the Herschels did, would be to destroy 
those scarcely recognisable indications which can alone guide 
us to new knowledge. We must in future examine the 
sidereal scheme detail by detail, feature by feature. The 
work will not be light, and many workers will be wanted. 
But the result will be worth the toil. Not in our day, 
perhaps not for many generations, may the fruits of such 
labours be reaped. But gradually astronomy will gather in 
her harvest, and when it is garnered, the rich reward of 
inany years of toil will be found in a dear knowledge of the 
relations presented by the wondrous galaxy to which our 
Sun belongs. 

From the Siudent for October 1870. 
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ARE THERE ANY FIXED STARS ? 

DuRiNa the last few years astronomers have been attacking 
questions which seem, at first sight, far beyond the range of 
the human intellect, or of the instrumental appliances which 
human ingenuity can devise. A marked contrast, indeed, 
is to be distinguished between the inquiries which have been 
made within the last decade and the most valuable dis- 
coveries of all previous times. Not one of the results which 
had rewarded the labours of scientific men up to the middle 
of the present century would have seemed incredible to 
Francis Bacon had it been predicted to him : nay, there is 
scarcely one of them which is not more or less distinctly 
shadowed forth in that strange and little read work of his, 
the ' Sylva Sylvanum.* But even he, daring as were his con- 
ceptions and hopeful as were his views of the powers of that 
method of research which he inculcated, would probably have 
smiled with contempt had the idea of analysing the Sun or 
the fixed stars been mooted in his presence. The Frenchman 
who lately brought before the Imperial Academy at Paris 
the absurd proposition that our astronomers and physicists 
should make signals to the inhabitants of Mars and Jupiter 
scarcely appears a greater dreamer to us than any one would 
have appeared to Bacon who put forward a notion seemingly^ 
so preposterous. 

At first sight it may seem to many that the subject I 
have now chiefly to deal with — the determination, namely. 
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1>y our astronomers, of the motions of recess or approach 
-which the fixed stars may possess— does not belong to the 
<sategory of those researches which appear altogether hopeless; 
Yet when the true nature of the problem is understood, a 
different view will certainly l)e adopted. It will be well to 
look at the subject of the stellar motions in this way, to 

■ 

consider the difficulties which seem to surround it on every 
«ide, and the interest which attaches to its solution, before 
we proceed to consider the method which has been success^ 
fully applied to one star, and will doubtless in the fulness of 
time be applied to hundreds, with results whose importance 
it is impossible to over-estimate. 

The stars, it is well known, have to ordinary observers 
every appearance of fixity. If Hipparchus or Ptolemy could 
now look on the orbs they watched so lovingly in the far-off 
years, they would see nothing to induce them to imagine 
that the stars are in motion. Whether the aspect of the 
heavens is exactly the same now as when Aratus sang the 
glories of the constellations, we cannot indeed assert with any 
certainty of conviction. Many of the stars may shine with 
different lustre, some few have perhaps disappeared, and pos- 
sibly some new stars have appeared upon the scene. But such 
changes as these are not in question at present ; I refer only 
to apparent changes in the stars' places. 

Astronomers in our day know indeed that the stars are 
changing their place upon the heavens. But it is not because 
the change of place has been made perceptible to ordinary 
vision ; but because by means of the telescope it has become 
possible to magnify so largely the effects of change, that 
movements which would produce no perceptible effect in 
thousands of years if ordinaiy vision only were in question, 
are recognised as certainly as though the astronomer could 
see the star actually moving as he watched it. 

But such changes of position as can thus be recognised 



}28 THE UNIYEBBE* 

are not only minute, insomuch that it is only after half a 
century of observation that even modern astronomy can 
detect them, but they afford no certain indication of real 
motion on the part of the star. We may be in motion — 
nay, more, it has been proved that we are in motion, that 
the Sun with his whole cortSge of planets and cometary 
systems is sweeping swiftly through space, and the apparent 
motion of a star may in reality be wholly due to the Sun's 
motion* The very &ct that by observing the apparent 
stellar motions astronomers have been able to guess the 
direction in which the Sun is travelling through space, 
shows that a large part at any rate of the stellar motions 
must be due to the Sun's motion. And inasmuch as we 
are by no means certain of the direction in which^^the Sun 
is moving, or of the velodty with which he rushes through 
space, we are not in any case able to determine how much 
or how little of a star's apparent motion is due to the solar 
proper motion. Furthermore, our uncertainty as to the 
distances of all save one or two stars renders us yet more 
doubtful how to interpret the stellar movements. 

Still we may take it as proved by the mere determina- 
tion of the stars' proper motions, that these orbs are not fixed 
in space. Because we are quite certain that no motion 
which could possibly be assigned to the Sun by astronomers 
would account for all the stellar motions, whatever assump- 
tion we might form respecting the stellar distances. That 
this is so will be evident from the simple consideration that 
there are cases where two stars near each other (in appear- 
ance) are moving in exactly opposite directions. We cannot 
possibly account for such motions as these by any assumption 
involving fixity for both stars and motion in the case of 
our Sun alone. 

Furthermore, the motions of those double stars which 
form binary systems suffice to show that motion is an 
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attribute appertaining to some stars ; and if to some stars 
as well as to our Sun (which is but a star), why not to aU ? 

But now notice a point of great importance in connection 
with the question of movements of recess or approach. 

The apparent proper motions of the stars give us the 
means of estimating their probable motions of recess or 
approach, and thence of estimating our chance of determin- 
ing such recessions or approaches. 

In the first place it will be admitted that we have no 
reason whatever for believing the stellar motions to be 
limited to any special direction. If we imagine our sun 
for a moment set at rest, and that we could tell the exact 
direction in which each star moved, we should doubtless 
find that the stars were moving in every direction with 
respect to the lines of sight drawn to them. Here a star 
would be moving almost, square to the line of sight ; here 
nearly along it and towards us; here nearly along it and 
from us ; and elsewhere every possible variety of direction 
would appear without the slightest preference (when the 
whole celestial sphere was considered) for one direction 
rather than another. 

Amongst the immense number of stars, then, whose 
proper motions have been determined, there must be many 
whose motion is very nearly square to the line of sight from 
the observer on earth. And we have no reason for suppos- 
ing that the stars which are thus moving have less or greater 
motions, on the average, than their fellows which are moving 
in other directions. Hence the motions of the former set 
of stars afford us a measure of the motions which those stars 
possess which are moving directly from or towards us, and 
so appear at rest; and though we can thus learn little 
respecting the real rate at which those stars are moving, 
for we know little respecting the real rate at which the 
other stars are moving square to the line of sight, we 



130 THE UNIVERSE, 

have a very satisfiEtctory measure of the general rate at 
which the relative distances of the stars are diminishing 
or increasing. 

For let E be the earth, e^ the position of a star at the 
beginning of a century, 8^ its position at the end of a century, 
the star being one of those which is moving at right angles 
to the line of sight. And let us suppose that the star is also 
one of those which is moving most rapidly in appearance, so 
that the angle 8{E8^ which measures the proper motion in a 
century is as large as possible. Then we cannot assume 
v/ith any probability that any star in the heavens has a 
greater proportional motion of recess or of approach than the 
motion indicated by 8^8^ or 8,84 (each equal to 8,8,). That is, 
the ratio of E83 or e 84 to E8j indicates the greatest relative 
change of distance we may look for among the stars during 
the course of a century. 

Hgr. 8. 
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But we can calculate the value of this ratio at once, and 
80 see at once what chance there is that a change in a star's 
brilliancy caused by such a change of distance could be 
estimated by means of our photometers. 

There is no star in the heavens which has so large a 
proper motion as ten seconds of arc per annum. Therefore 
in taking the angle 8|B82 at 1,000 seconds or 16' 40'', we are 
taking a very favourable view of our prospect of estimating 
change of distance by change of brilliancy. If s^es^ be an 
angle of 16' 40", then s^s^ is equal to 0*004848 where E8, is 
called 1. Put for convenience s^s^ or 8,84 as equal to -005. 
Then the brilliancy of the star at the beginning of the 
century would bear to its brilliancy at the end (supposing 
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theie has been in the meantime no change in the actual 
amount of light emitted by the star) the ratio 
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according as the star had approached or receded from the 
earth with the assumed (and altogether over-estimated) 
velocity referred to. These ratios reduce severally to 

101 , 99 
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100 100 

In other words, the star's brilliancy would only be increased 
or diminished by about one hundredth part in one hundred 
years even in this altogether exceptional case. 

No instrument ever yet devised by man could give any 
indications of so slight a change of brilliancy as this, even if 
it occurred in a single instant, so that one and the same 
observer could measure the star's light imder unchanged 
atmospherical conditions. 

We see, then, that the problem of attempting to measure 
the motions of recess or approach which the stars may have 
is one wliich seems, on the fiEU^ of it, as hopeless as that of 
determining what the stars are made of would have appeared 
twenty or thirty years ago. 

Yet the problem has been mastered, and in a much more 
thorough manner than the seemingly simple problem of 
estimating the motion of the stars athwart the line of sight. 
In fact, whereas we know nothing (except in one or two cases) 
respecting the amount of this latter motion, for its angular 
measure affords no satisfactory criterion of the real motion 
in miles per year, we have a meajis of measuring the real 
velocity with which the stars are approaching towards us 
or receding from us. I proceed to show how this is done : — 

We know that light is not a material emanation from 

K 2 
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luminoufi bodies, but consists in reality of the propagation of 
minute vibrations, taking place either in an setherial medium 
pervading all space, or (as some physicists suppose) in the 
ultimate particles of what we ordinarily term matter.* Now 
it is to this property of light that the powerful mode of re- 
search which I am about to describe owes its effectiveness ; 
and therefore it is necessary that we should attend somewhat 
closely to the peculiarities of wave-motion. Space will not 
permit me to enter at such length as I could wish into the 
considerations thus arising ; and therefore I will confine my 
attention to a few primary points. The whole subject was 
dealt with in a highly interesting manner, I may remark, in 
the lecture delivered by Professor Miller to the working- 
men of Exeter, in 1868, the careful study of which will 
well repay the student. 

The simplest illustration we have of wave-motion is in 
the material waves which traverse the surface of water. 
Now here, be it noticed, we must not think of such waves as 
roll in upon the shores of the sea, but of the true waves 
which traverse the surface of open seas. In such waves there 
is not, as there appears to be, a rapid transmission of matter, 

^ It is oftoD difficult in treating of the supposed i^therial medium to ex- 
prefis oneself at once intelligibly and accurately. If there is an etherial 
medium different in some essential properties from any of tho substances we 
recognise as matter, yet that ether is still matter, and the laws which rule its 
movements are identical with those which gorem the movements of other 
matter. By the term ' laws ' I here signify, of course, only the general laws of 
motion — not special laws, as gravitation or the like. I am particular in 
dwelling on this point, because it appears to me to be too often forgotten. 
Physicists speak, for instance, sometimes of the possibility that light-waves 
may be propagated to an it^nite distance from the source of light. This is 
simply an impossibility. That light travels, so far as it does, without appre- 
ciable extinction, proves that the range of motion of the vibrating particles of 
the sether is very small indeed, compared with the wave-lengths ; but this 
range, however smaU, must have a definite value at any given distance from 
the source, and the total amount of motion in any spherical surface round the 
source of light would have a definite and constant value. But to suppose a 
definite amount of oscillation in an infinite number of such spheres is to sup- 
pose that an infinite effect can accrue from a finite cause. 
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but a simple oscillation of the particles of the water. Sup- 
pose there are long roller^ sweeping over the fece of the 
ocean. Then we should call the distance from the crest of 
one roller to the crest of another the wave-length ; the 
difference of altitude between the crests of the rollers and 
the bottom of the * trough ' between them would be the 
wave^heighti or wave-amplitude as it is sometimes termed ; 
and the rate at which the rollers travel would be the velocity 
of tranamiasion. I mention these points, so that in dealing 
with other waves which we are unable to recognise as visible 
entities, the significance of the terms we shall have to make 
use of may be understood by a reference to the £Eimiliar 
relations of the ocean-rollers. 

Now, suppose we wish to determine the wave-length of a 
rolling sea, what are the methods which would suggest them- 
selves ? If we could measure a line extending from crest to 
crest at any moment, we should, of course, know the wave- 
length ; but failing (as might well happen) such a means as 
this, it is obvious that our resource must be to determine 
first the velocity of the waves, and secondly the number 
which pass in a given time. Suppose the first point gained 
(say by noticing the time which a particular roller occupies 
in travelling between two ships a mile apart), and, for 
convenience of illustration, let us imagine that the ascer- 
tained velocity of the rollers is 500 yards per minute. Now, 
suppose that an observer, counting the waves which pass the 
side of his ship, notices that 10 pass each minute. Then he 
knows at once that in that time the first which passed has 
travelled to a distance of 500 yards; and as all the 10 are 
distributed over that distance, each must be 50 yards in 
length, if the skip has not moved vn the vrdervaL But if 
the ship has moved, there is a difference. For supposing the 
ship to have moved in the same direction as the waves, and 
At the rate of IQO yards per minute, then the crest of the 
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first wave is only 400 yards off instead of 500, and the wave- 
length is but 40 yards. In other words, the true length is 
less by 10 yards than the length which would be arrived at 
on the supposition that the ship is at rest. On the contrary, 
if the ship is moving at the same rate against the waves, the 
true distance of the first wave-crest is 600 yards, the tnie 
wave-length 60 yards ; and the effect of the ship's motion 
is to cause an apparent increase of 10 yards in the wave- 
lengths. 

And clearly, if we could only conceive such a state of 
things as that the ship should be really at rest and the 
whole mass of the rolling sea bodily transferred under the 
ship, we should get a similar result. If the transference 
were in the direction of the wave-motion (which would 
correspond to a motion of the ship against the direction of 
the waves), the result would be an under-estimate of the 
wave-length; while in the reverse case the wave-lengths 
would be over-estimated. 

Now let us consider the case of sound-waves. These are 
somewhat less familiar to us (so far as our ordinary modes of 
perception are concerned) ; but, inasmuch as we can more 
readily make experiments on them than on light-waves 
(owing to the enormous velocity with which the latter 
travel), they will serve to give a convenient illustration of 
the property we are to deal with. 

Let fig. 9 represent a series of sound-waves generated by 
the vibrations of the tuning-fork a. When the right-hand 
prong is at a (the limit of a vibration), a is a place of aerial 
condensation ; the next such place is at b {ah being the xvave^ 
length corresponding to the vibrations of the tuning-fork),, 
the next at c, the next at (2, and so on. The wave^amplUvde 
does not concern us, but I may mention in passing that it is 
measured by the degree of the aerial condensation at a, b, 
c, dy &c. The tone of the sound depends on the wave-length 
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obi and a giveD timing-fork will cauae aerial waves of a 
particular length (that is, will give out its proper tone), ifU 
he at rest. 

But DOW suppose that the tuning-fork ia being moved, 
and that with a velocity bearing an appreciable relation to 
the velocity with which sound travels. It will readily 
be seen that the tone now produced by the tuning-fork 
will be different from what may be termed its natural 
tone. 

Thus suppose that during the interval which sound 
would occupy in travelling from a to 6, the tuning-fork has 
been moved bo that the prong a in at a'. During the 



interval the prong has made one complete vibration, and a' 
IB now therefore a r^on of condensation instead of a ; h is, 
of course, a region of condensation, just as it would have 
been if the fork had been at rest. Hence the wave-length 
has been reduced to a'b ; and as all the waves proceeding 
from the neighbourhood of the vibrating fork are similarly 
affected, there results a series of waves, ef,fg, gh, &c., as in 
fig. 10. 

On the other hand, if the fork had been moved in the 
opposite direction, there would have resulted the series of 
waves kl, Im, van, &c., represented in fig. 11. 

In the former case Uie tone of the resulting sound would 
have been more acute, in the latter it would have been more 
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grave, than the natural tone of the fork.^ And a little con- 
sideration will show, that if, instead of the fork being moved, 
the ear were brought rapidly towards or from the vibrating 
fork, similar effects would follow — ^a rapid approach rendering 
the sound more acute, a rapid retreat rendering the sound 
more grave. 

It is absolutely necessary, here, that the velocity either 
of the fork or of the ear should bear an appreciable propor- 
tion to the velocity of sound. In other words, oa' or oa" must 
bear an appreciable ratio to ah. This is obvious, since what 
is wanted is, that ef or Id should differ appreciably from ah. 

Now, if we only suppose the vibrating end a of the fork 
to be a particle whose vibrations are generating light of a 
particular wave-length — that is, of a particular colour^ we 
see that the reasoning we have applied to sound-waves must 
be equally true of these light-waves. If the source of light 
be approaching us, through its own motion, or ours, or both, 
the waves will seemingly be shortened ; and if the source of 
light be receding, the waves will be lengthened. In other 
words, there will be in either case a change of colour — the 
change being towards the blue end of the chromatic scale in 
the former case, and towards the red end in the latter. 

But here, ds in the ca^e of sound, the condition has to be 
fulfilled, that the velocity of approach or recess shall bear an 
appreciable proportion to the velocity with which the waves 
travel ; that is, to the velocity of light. Now, light travels 
at the rate of about 185,000 miles per second ; and it seems 
hardly conceivable that any material movements in the 
universe should bear an appreciable relation to so enormous 
a velocity as this« 



> Professor TyndaU has remarked that wh^ a train rashes rapidly past a 
station a change in the tone of the whistle may be noticed by a person on the 
platform, the sound being more acute as the train approaches than after it has 
passed the station. 
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We could not hope, then, that any laminous object in the 
universe should indicate by a change of colour a change in 
the direction of its motion. 

But this is not the only nor the principal difficulty in the 
application of such a mode of estimating motion. Doppler, 
who was, I believe, the first to suggest that the colours of 
the stars may serve to indicate whether these bodies are 
approaching . us or receding from us, omitted to notice a 
circumstance which rendered his whole argimient nugatory : 

In the case illustrated by figs. 9, 10, and 11, we dealt with 
the affections of only a single wave-length. If all stars sent 
us light rays having a definite wave-length, then what we 
have described would happen; and if our perception of 
colom- were but sufficiently delicate, we could tell whether a 
star were moving from or towards us by the colour of its light. 
But this supposition implies that a star's colour should be 
monochromatic ; and we know that the light from the stars 
consists of a combination of all the prismatic colours. But 
again, if the spectrum had definite extremities, and if no 
action of any sort took place beyond those extremities, then 
something like what Doppler conceived would take place. 
For then the light-waves of all lengths would be affected by 
a star's motion ; so that if a star were approaching us, all the 
waves would be shortened, and a part of the red end of the 
spectrum would sufier extinction, while in the reverse case 
the blue end of the spectrum would be shortened. We know, 
however, that beyond the visible ends of the spectrum, waves 
too long and too short to afiect the eye as light-waves are 
really in existence. Thus instead of the red end or the blue 
end suffering, in the cases imagined above, all that would 
happen would be that the heat-waves beyond the red end or 
the chemical rays beyond the blue end would become light 
waves, replacing the red or blue end of the spectrum, as the 
case might be : and there would be no change of colour. 
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But these considerations, while showing that nothing can 
be hoped for from Doppler's suggested consideration of star- 
colours, show that a much more delicate and satisfactory test 
can be applied. We see that the whole spectrum is shifted 
bodily. Therefore all its UneSj whether dark or blight, must 
he shifted with it. This is a motion we 'foay hope to 
estimate, because we can bring into comparison with any 
line in the shifted spectrum the corresponding line belonging 
to some terrestrial element. We have, in fact, a test of the 
most extreme delicacy ; and were it not that the most rapid 
stellar motions can produce but the minutest change in the 
position of the star's spectrum, we might read off the stellar 
motions of recess or approach as readily as we can determine 
the general character of the star's light by the same mode of 
analysis. 

But when it is remembered that the velocity of light is 
about 185,000 miles per second, we see that a star must be 
moving with enormous velocity that its spectrum may exhibit 
any appreciable change of position. Our sim is supposed to 
be travelling at the rate of about five miles per second, and we 
have reason to believe, from some researches of Mr. Stone's, 
that the average motions of the stars may be about one-third 
greater, — say about seven miles per second. Now, it has been 
estimated by Mr. J. Clark Maxwell that a velocity equal to 
that of the earth in her orbit, that is, rather more than 
eighteen miles per second, would shift the sodium line n^ 
through a space equal to about the tenth part of that which 
separates Bj from d,, these lines forming what is commonly 
called the double line n of sodium. An idea, therefore, may 
be formed of the difficulty of estimating the stellar motions 
of recess or approach, unless in those exceptional cases where 
the star's real motion is much greater than the above- 
mentioned average. 

Of coarse, the whole question is one of the dispersive 
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power of the spectroscope ; and inasmuch as a telescope of 
large aperture will permit us to use a higher dispersive power 
than we could apply to a smaller instrument, the size of our 
telescopes enters into this as into so many other questions of 
astronomical interest. 

The star selected for the first application of the new 
method of research was Sirius, on account of its great 
brilliancy. It was necessary to consider some one recognised 
line of his spectrum, and the line corresponding to the solar 
line F (the blue-green hydrogen-line) was the one selected. 
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Fig. 12 shows the result of the experiment. The two 
upper spectra are not directly concerned in the method 
applied ; but it is well to notice the perfect coincidence in 
position between the sharp dark line in the solar spectrum 
and the middle of the diffused line obtained from hydrogen 
at ordinary atmospheric pressure. Any want of coincidence 
here would have thrown doubt on the result of the experi- 
ment. 

The hydrogen-line, actually compared with the dark and 
somewhat diffused F-line of the spectrum of Sirius, was 
x>btained from hydrogen in the so-called vacuum-tube. Dr. 
Huggins made it fall side by side with the diffused dark line F 
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in the spectrum of Sinus, and in some experiments he 
brought the bright line upon the Sirius-line. It will be seen 
from fig. 12 that the bright line fell sensibly away from the 
middle of the dark line. It became obvious from this that 
Sirius has a motion in the direction of the line of sight, 
and since the dark line was shitted towards the red end of 
the spectrum, it followed that the motion was one of reces- 
sion. 

From a careful measurement of the discordance between 
the two lower spectra of fig. 12, Dr. Huggins calculated that 
at the epoch of the observation Sirius was moving from the 
earth at the rate of 41*4 miles per second. But a part of 
this motion was due to the earth^s motion in her orbit, and 
having made due reduction on accoimt of this consideration. 
Dr. Huggins found that there remained a motion of recession 
froTTi the aun of 29*4 miles per second. Lastly, he con- 
sidered the effect to be ascribed to the sun^s motion, which 
is directed towards a point almost exactly opposite Sirius. 
If Otto Struve's estimate of the solar velocity is correct, then 
the motion of Sirius in the galax]/ is reduced to somewhat 
less than twenty-five miles per second. 

Interesting as this result is, the fact that the power of the 
new mode of research has been established is yet more so ; 
for there is nothing to prevent the method from being 
applied in turn to all the lucid stars ; nay even, with suitable 
instrumental power, to the telescopic orbs. The results 
obtained from such researches .cannot fail to be of the utmost 
value. 

I take myself a special interest in the new method of 
research, because I hope to find its results confirmatory and 
elucidatory of certain peculiarities in the stellar motions 
which I have recently been led to notice. On mapping the 
proper motions of about 1,500 stars in the manner indicated 
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in fig. 13, 1 have found in many parts of the heavens distinct 
traces of star-drift ; that is, of the systematic motion of 
groups and sets of stars in particular directions. A singular 
instance of this is found among the bright stars of Ursa 
Major, five of which are moving (as shown within the oval, 6, 
in fig. 13) in the same direction, and with the same velocity. 
Two other stars near (f are also moving in the same manner. 
One cannot doubt that these stars are associated in some 
way, and so form a system ; especially when it is noticed that 
the stars are moving in a direction almost directly opposite 
to that due to the sun's motion in space. Scarcely less re- 
markable is the community of motion observed within the 

Fig. 13. 




oval a. And it will be noticed that among the remaining 
stars of the map there is a community of motion either inter 
scy or with the stars included within the ovals. 

It will be a matter of extreme interest to determine by 
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Dr. Huggin8*8 method whether the stars which thus seem to 
form drifting systems have a commmiity of motion of recess 
or of approach.^ Should this he the case, no doubt could 
possibly remain that the stars form sets or groups, and that 
there is no approach to that generally equable distribution 
described in our popular treatises of astronomy. 

Prom the Popular Science Setnew for October 1868. 
> See next article for the conflrmatioD of this prediction. 
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NEWS FROM THE STARS, 

From time to time, during the last three years, I have 
brought before the students of science the various argu- 
ments and considerations on which I have based certain 
new views respecting the constitution of the sidereal imi verse. 
In so doing I have had occasion to deal chiefly with facts 
already known, though not hitherto viewed in that particular 
light in which I sought to place them. Indeed it is an 
essential part of my general argument that much that is con- 
tained in observations already made has been escaping us. In 
the eagerness of astronomers to ascertain new facts, they 
have been neglecting the interpretation of facts already 
ascertained. 

But I have long felt that it would greatly tend to advance 
the new views which I have advocated, if some process of 
research, pursued by one of these astronomers of our day who 
possess the requisite means and leisure for prolonged in- 
quiries, should confirm in a clear and decisive way some 
definite point of my new theories. Thus, if new observational 
evidence should be found in favour of my theory that the 
nebulsa are not external to our galaxy, or if new evidence 
should be obtained to show that the stars are aggregated in 
certain regions within our system and segregated from others; 
or again, if my theory of star-drift should be confirmed by 
new and striking evidence, I felt that a greater measure of 
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confidence in my analysis of fonner evidence would thence- 
forward be accorded. I had no occasion, indeed, to complain 
of cavil or opposition ; in fact, a degree of attention had 
been given to the new opinions I advocated which was 
certainly much greater than I had looked for. But there 
must always be such an inertia in the general weight of 
opinion in favour of accepted views, that only a steady reite- 
ration of reasoning during a long period, or else some 
striking and impressive discovery, can cause the weight of 
opinion to tend in the contrary direction. 

I cannot but regard myself as most fortunate in finding 
the first confirmation of my views (i.) coming firom one of 
the most eminent astronomers and physicists of the day, (ii.) 
bearing upon one of the most definite and positive of my 
vaticinations, and (iii*) relating to one of the most inte- 
resting subjects in the whole range of recent astronomical 
research. 

It will be in the remembrance of many of my readers 
that, nearly four years ago, Dr. Huggins succeeded in 
showing that the bright star Sirius is travelling at an 
enormously rapid rate away from us. In other words, 
besides that rapid thwart motion which is shifting the place 
of this star upon the heavens, the star has a rapid motion of 
recession. In the preceding paper, called ' Are there any Fixed 
Stars ? ' the nature of the means by which this discovery was 
effected is fully described and explained. It may be permitted 
to me to mention, also, that while Dr. Huggins's researches 
were still imannounced (or rather incomplete) I was so 
far fortunate as to indicate the possibility of employing 
the very method of research which Dr. Huggins was 
then engaged (unknown to me) in applying to Sirius. 
I propose here briefly to describe and explain the 
method, referring the reader who desires fuller information 
on these preliminary points to the preceding paper. I am 
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the more desirous of doing this, because I find the principle 
of the method not readily grasped, and I conceive the 
explanation I am about to offer ^ may remove certain diffi- 
culties not uncommonly experienced. 

Conceive that a person, standing on the edge of a steadily- 
flowing stream, throws corks into it at regular intervals — say 
one cork per second. These would float down the stream, 
remaining always separated by a constant distance. Thus, 
if the stream were flowing three feet per second, the corks 
would be a yard apart (supposing, for convenience of illus- 
tration, that each cork was thrown with exactly the same 
force and in exactly the same direction). Now, if a person a 
mile or so down the stream saw these corks thus floating 
past, he could infer that they had been thrown in at regular 
intervals ; and, moreover, if he knew the rate of the stream, 
and that the corks were thrown in by a person standing at 
the river's edge, he would know that the interval between 
the throwing of successive corks was one second. But, vice 
versa, if he knew the rate of the stream, and that the corks 
were thrown in at intervals of one second, he could infer that 
the person throwing them was standing stilL For let us 
consider what would happen, if the cork-thrower sauntered 
up-etream or down-stream while throwing corks at intervals 
of one second. Suppose he moved up-stream at the rate of a 
foot per second; then, when he has thrown one cork, he 
moves a foot up-stream before he throws the next ; and the 
first cork has floated three feet down streamy hence the 
second cork falls four feet behind the first* Thus the 
common distance between the corks is now four feet instead 
of three feet. Next suppose he saunters down-stream at the 
rate of a foot per second ; then, when he has thrown one 

' I am indebted for the iUastration on which is based the explanation 
which foUows, to my friend and coUege contemporary, Mr. Baily, great-nephew 
of the eminent astronomer, Francis Baily. 



146 * THE UNIVERSE. 

oork, he moves a foot down-stream before he throws the 
next ; and the first cork has floated three feet down-stream ; 
hence the second cork falls only two feet behind the first. 
Thus the common distance between the corks is now two feet 
instead of three feet. It is clear, then, that the person 
standing a mile or so down-stream, if he knows that the 
stream is flowing three feet per second, and that his friend 
up-stream is throwing one cork in per second, can be quite 
sure that his friend is standing still if the corks come past 
with a common interval of three feet between them. Moreover, 
he can be equally sure that his friend is sauntering up- 
stream if the corks come past with a common interval exceed- 
ing three feet ; and that he is sauntering down-stream, if the 
common interval is less than three feet. And if, by some process 
of measuring, he can find out exactly how much greater or how 
much less than three feet the interval is, he can tell exactly how 
&st his friend is sauntering up-stream or downnstream. It 
would not matter how Car down-stream the observer might 
be, so long as the stream's rate of flow remained unchanged ; 
nor, indeed, would it matter, even though the stream flowed 
at a different rate past the observer than past the cork- 
thrower, so long as neither of these two rates were liable to 
alteration. 

Now, we may compare the etnission of light-waves by a 
luminous object to the throwing of corks in our illustrative 
case. The rate of flow for light-waves is indeed infinitely 
faster than that of any river, being no less than 185,000 
miles per second. The successive light-waves are set in 
motion at infinitely shorter time-intervals, since for extreme 
red light there are no less than 458,000,000,000,000 undu- 
lations per second, and for extreme violet no less than 
727,000,000,000,000; but these specific differences do not 
afiect the exactness of the illustration. It is obvious that all 
that is necessary to ntiake the parallel complete is that the 
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flow of light-Yraves shall reacb the observer at a constant 
rate (which is the actual case), and that he shall know, in the 
case of any particular and distinguishable kind of light, what 
is the rate at which the wave-faction is successively excited^ 
and be able to compare with this known rate the rate at 
which they successively reach him. If they oome in quicker 
succession than from a luminous body at rest, he will know 
that the source of light is approaching as certainly as our 
observer down-stream would know that his firiend was saun- 
tering towards him if the corks came two feet apart instead 
of three feet. If, on the contrary, the light-waves of a par- 
ticular kind come in slower succession than from a body at 
rest, the observer will know that the source of lig^t is re- 
ceding, precisely as the river-«ide observer would know that 
his friend was travelling away from him if the corks came 
past >n'Tn four feet apart instead of three. 

Now, the stellar spectroscc^ist can distinguish among the 
light waves of varied length which reach him, those which 
have a particular normal length. He analyses star-light 
with his spectroscope, and gets from it a rainbow-tinted 
streak crossed by dark lines. These dark lines belong to 
definite parts of the spectrum; that is, to such and such 
parts of its red, or orange, or yellow, or green, or blue, or 
indigo, or violet portion. Thus they correspond to light 
having a particular wave-l^igth. And many of these lines 
in stellar spectra are identifiable with the lines due to known 
elements. For instance, in the spectrum of Sirius there are 
four strong dark lines corresponding to the known bright 
lines of the spectrum of hydrogen. Thus the wave-length 
corresponding to any one of these dark lines is perfectly well 
known to the spectroscopist from what he has already 
leam^ by examining the bright lines of hydrogen. Now, if 
Sirius were receding very rapidly, the wave-length corres- 
ponding to one of these lines would be lengthened ; it would 

X.2 
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correspond, m fieu^t, to a part of the spectrum nearer the rM 
end or the region of longer light-waves, and thus the dark 
line would be shifted towards the red end of the spectrum : 
whereas, on the contrary, if Sirius were very rapidly 
approaching, the dark line would be shifted towards the 
violet end of the spectrum. All that would be necessary 
would be that the rate of approach or recession should bear 
an appreciable proportion to the rate at which light travels, 
or 186,000 miles per second. For, reverting to our cork- 
thrower, it is clear that if he travelled up-stream or down- 
stream at a rate exceedingly minute compared with the 
stream's rate of flow, it would be impossible for the observer 
down stream to be aware of the cork-thrower's motion in 
either direction, unless, indeed, he had some very exact 
means of measuring the interval between the successive 
corks. 

Now the spectrum of a star can be made longer or shorter 
according to the dispersive power employed. The longer it 
is, the fainter its light will be ; but, so long as the dark lines 
can be seen, the longer the spectrum is, the greater is the 
shift due to stellar recession or approach ; and therefore the 
more readily may such recession or approach be detected. 
But, with the instrument used by Dr. Huggins four years 
ago, it was hopeless, save in the case of the brilliant Sirius 
(giving more than five times as much light as any other star 
visible in our northern heavens), to look for any displacement 
due to a lower rate of recession than some hundred miles per 
second (little more than the two-thousandth part of the 
velocity of light). What was to be done, then, was to 
provide a much more powerful telescope, so that the stellar- 
spectra would bear a considerably greater degree of dispersion. 
With admir&ble promptitude the Royal Society devoted a 
large sum of money to the construction of such an instrument, 
to be lent to Dr. Huggins for the prosecution of his 
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researches into stellar motions of approach and recession. 
This telescope, with an aperture of fifteen inches, and a light-^ 
gathering power somewhat exceeding that usual with such an 
aperture, was accordingly completed, and provided with the 
necessary spectroscopic appliances. Many months have not 
passed since all the arrangements were complete* 

In the meantime, I had arrived at certain inferences re*- 
specting the proper motions of the stars, on which Dr^ 
Huggins's researches by the new method seemed likely to 
throw an important light. 

More than three years ago, I had expressed my con^ 
viction that whenever the recorded proper motions of the 
stars were subjected to a careful examination, they would 
confirm the theory I had enunciated, that the stars are 
arranged in definite aggregations of various forms — star- 
groups, star-streams, star-reticulations, star-nodules, and so 
on.^ Making leisure, in the summer of 1869, for entering 
upon such an examination I was led to several results, which 
not only confirmed the above-mentioned theory but sug- 
gested relations which I had not hitherto thought of. Some 
of these results are discussed in the essay called ' Are there 
any Fixed Stars ? ' which precedes the present paper ; others 
are presented in the essay called * Star-Drift.' The special 
results on which Dr. Huggins's recent discoveries throw 
light, were first publicly announced in a paper read by me 
before the Royal Society, on January 20, 1870. 

I had constructed a chart in which the proper motions of 
about 1,200 stars were pictured. To each star a minute 
arrow was affixed, the length of the arrow indicating the rate 
at which the star is moving on the celestial vault, while the 



* I remind the reader that the essay ' Notes on Star^tieams ' appeased in. 
the 'Intellectual Observer' for August 1867, 'Notes on NebuUe' in 'The 
Student' for March 1868, and 'A New Theory of the Uniyerse' in 'The 
Student ' for Februaiy, March, and April 1869, 
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direction in which the arrow pointed shows the direction of 
the starts apparent motion. This being done, it was possible 
to study the proper motions much more agreeably and 
satisfactorily than when they were simply presented in 
catalogues. And certain features, hitherto unrecognised, at 
once became apparent. Amongst these was the peculiarity 
which I have denominated ^ star«-drifb ' ; the &ct, namely, 
that certain groups of stars are travelling in a common 
direction.^ This was indicated, in certain cases, in too 
significant a manner to be regarded as due merely to chance 
distribution in these stellar motions; and I was able to 
select certain instances in which I asserted that the drift 
was unmistakable and real. 

Amongst these instances was one of a very remarkable 
kind. The ^ seven stars ' of Ursa Major — the Septentriones 
of the Ancientfii — ^are known to all. For convenience of 
reference, let us suppose these seven divided as when the 
group is compared to a waggon and horses. Thus, there are 
four waggon-wheels and three horses. Now, if we take the 
waggon-wheels in sequence round their quadrilateral 
(beginning with one of the pair farthest from the horses), so 
as to finish with the one which lies nearest to the horses — 
these are named by astronomers in that order Alpha, Beta, 
Gamma, and Delta of the Great Bear. Thus, Alpha and 
Beta are the well-known pointers (Alpha nearest the pole), 
and Delta is the faintest star of the Septentrion set. The 
three horses are called in order Epsilon, Zeta, and Eta; 
Epsilon being nearest to Delta. Now when the proper 
motions of these seven stars had been mapped, I found that 

' I indnde this among 'features hitherto unrecognised/ though HlOchell had 
already noted the &ct that the stars are atranged into systems. ' We may 
condnde/ he said, ' that the stars are really collected together in dusters in 
some places, where they form a kind of systems ; whilst in others there are few 
or none of them, to whaterer cause this may be owing, whether to their mutual 
grayitation or to some other law or appointment of the Creator.* 
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whereas Alpha and Eta are moving much as they would if 
the Sun's motion were alone in question, the other five are 
all moving at one and the same rate (on the star-sphere, 
that is) in almost the exactly opposite direction. Moreover, 
a small star close by Zeta (the middle horse), a star known 
to the Arabian astronomers as the ^ Test,' because to see this 
star was held a proof of good eyesight, is moving in the 
same direction and at the same rate as Zeta and the rest of 
this set. And besides this star (which has also been called 
Jack by the Middle Horse), Zeta has a telescopic companion 
which accompanies him in his motion on the celestial 
sphere. 

After a carefiil consideration of these circumstances, and 
an analysis of the probabilities in favour of and against the 
theory that the concurrence of apparent motion was merely 
accidental, I came to the conclusion that the five large stars 
and the two smaller ones form a true drifting set. I found 
that, on a moderate computation, the odds were upwards of 
half a million to one against the concurrence being 
accidental ; and since I had recognised other instances of 
concurrence not less striking, I felt that it was morally 
certain that these stars belong to one star-family. 

The reader will perhaps not be surprised to learn, how- 
ever, that before publishing this conclusion I submitted it 
(in July 1869) to one who was, of all men, the best able to 
pronounce upon its significance — ^the late Sir John Herschel. 
I have the letter which he sent in reply (dated August 
1, 1869), before me as I write. The part relating to my 
discovery runs as foUows : — ^ The considerations you adduce 
relative to the proper motions of the stars are exceedingly 
curious and interesting. Of late years catalogues have gone 
into much detail, and with such accuracy that these motions 
are of course much better known to us than some twenty or 
thirty years ago. The community of proper motions over 



152 THE UNIVERSE. 

large regions (of which you give a picture in Gemini and 
Cancer) is most remarkable, and the coincidence of proper 
motion in Beta, Gamma, Delta, Epsilon, and Zeta Ursae 
Majoris most striking. Your promised paper on this subject 
cannot fiadl to be highly interesting.' * 

In a letter written on May 11, 1870, and referring not 
to another letter of mine, but to my ' Other Worlds,' Sir 
John Herschel remarked, ' the cases of star-drift such as 
that in Ursa Major are very striking, and richly merit 
further careful examination.' 

My first public expression of opinion respecting the star- 
drift in Ursa Major was conveyed in the following terms : — 
' If these five stars indeed form a system (and I can see no 
other reasonable explanation of so singular a community of 
motion), the mind is lost in contemplating the immensity 
of the periods which the revolutions of the components of 
ihe system must occupy. Madler had already assigned to 
the revolution of Alcor aroimd Mizar (Zeta' Ursae) a period 
of more than 7,000 years. But .if these stars, which appear 
so close to the naked eye, have a period of such length, 
what must be the cyclic periods of stars which cover a range 
of several degrees upon the heavens.' (From Zeta to Beta 
is a distance on the heavens of about nineteen degrees.) 
^ The peculiarities of the apparent proper motions of the 
stars,' I added, ^ lend a new interest to the researches which 

> He proceeds as follows (the passage is removed from the main text as re- 
lating to a different branch of the subject) : — *I cannot say that I am at all 
surprised at its being found that the average proper motions of stars of small 
magnitudes is not less than those of large, considering (as I have always done) 
that the range of individual magnitude (i.e. lustre) must be so enormous that 
multitudes of very minute stars may in fact be our very near neighbours.' 
Compare my paper on ' The Sun's Journey through Space/ above referred 
to, which paper also deals with the point touched on in the next sentence of 
Sir John Herschel's letter : — 'Your remark on the conclusion I have been led 
to draw relative to the small e£^ of the correction due to the sun's proper 
motion, will require to be very carefully considered, and I shall of course give 
it every attention.' 
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Dr. Huggins is, prepaxiog to make into the stellar proper 
motions of recess and approach.' ' 

But a few months later, in a lecture delivered at the 
Boyal Institution, I pointed out more definitely what result 
I expected from Dr. Huggins's researches. ' Before long,' I 
said, ' it is likely that the theory of star-drift will be sub- 
jected to a crucial test, since spectroscopic analysis affords 
the means of determining the stellar motions of recess and 
approach. The task is a veiy difficult one, but astronomers 
have full confidence that in the able hands of Dr. Huggins 
it will be successfully accomplished. I await the result with 
full confidence that it will confirm my views.' * 

It will be manifest that if the five large stars in Ursa are 
really travelling in the same direction, then, when Dr. 
Huggins applied the new method of research, he would find 
that, so far as motion in the line of sight was concerned, 
these stars were either all receding or all approaching at the 
same rate, or else that they were all alike in showing no 
signs of any motion, either of recess or approach. 

But in the meantime there was another kind of evidence 
which the spectroscope might give, and on which I formed 
some expectations. If these stars form a single system it 
seemed likely that they would all be found to be constituted 
aUke — in other words, that their spectra woidd be similar. 
Not indeed that associated stars always display such 
^ similarity. Indeed the primary star of a binaiy system not 
imfrequently exhibits a spectrum unlike that of the small 
companion. But the five large stars in Ursa, being 
obviously primary members of the scheme they form, might 
be expected to resemble each other in general constitution. 
Moreover, since the stars not included in the set — viz., 

> 'ProceedingB of the Royal Society/ Jannaiy ^0, 1870, pp. 170, 171. 
* * Report of the Royal Institution of Great Britain,' Weekly Evening 
Meeting, Friday, May 6, 1870, p. 7. 
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Alpha and Eta — ^might be regarded as probably very much 
nearer or very much farther away, it was to be expected 
(though not 80 confidently) that these two stars would have 
spectra unlike the spectrum common (on the supposition) 
to the five stars* 

Now, Secchi announced that the stars of the Great Bear, 
with the exception of Alpha, have spectra belonging to the 
same type as the spectrum of the bright stars Sirius, Vega, 
Altair, Regulus, and Rigel. This result was in very pleasing 
accordance with the anticipations I had formed, except that 
I should rather have expected to find that the star Eta had 
a spectrum unlike that of the remaining five stars of the 
Septentriones. Moreover, as the stars belonging to this 
particular type are certainly in many cases, and probably 
in all, v^ry large orbs^ (referring here to real magnitude, 
not to apparent brilliancy), the inference seemed fairly 
deducible that the drifting five stars are not nearer than 
Alpha, and therefore (since we have seen that it is unlikely 
that cdl the Septentriones lie at nearly the same distance) 
the inference would be that the drifting stars lie much 
farther away than the rest. 

It remained, however, that the crucial test of motion- 
measurement should be applied. 

In the middle of May last I received a letter firom Dr. 
Huggins announcing that ths five are aU receding from 
the earth. In aU the hydrogen line called F, is ' strong 
and broad.' In the spectrum of Alpha the line F is ^not 
very strong' (so faint, indeed. Dr. Huggins afterwards 
informed me, that he preferred to determine the star's 
motion by one of the lines due to magnesium in the star's 

' Sirius demonstrably gives out much more light than onr Sun, and ac- 
cording to the best determinations of his distance he must (if his surface is of 
equal intrinsic lustre) be from 2,000 to 8,000 times larger than the Sun. Vega, 
Altair, and Bigel are also certainly larger and may be vezy much larger than 
our Sun. 
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atmosphere. He found that Alpha is approaching. As 
to Eta, Dr. Hoggins remarked that the line at F is < not 
so strong or so broad' as in the spectrum of ^the five.' 
He was uncertain as to the direction of motion, and men- 
tioned that ^the star was to be observed again.' He 
subsequently found that this star is receding. But whereas 
all the five are receding at the enormous rate of 20 miles 
per second, Eta's recession was so much smaller that, as 
we have seen, Dr. Huggins was unable to satisfy himself 
at a single observation that the star was receding at all. 

It will be seen that my anticipations were more than 
fulfilled. The community of recessional motion was ac- 
companied by evidence which might very well have been 
wanting — viz., by the discovery that neither Eta nor Alpha 
shared in the motion. Moreover, the physical association 
between the five stars was yet farther evidenced by the 
close resemblance found to exist between the spectra of the 
five stars. Dr. Huggins remarked in his letter, <My ex- 
pectation had iiothing to do with the above results. At 
the moment, I thought Alpha was included in the group, 
and was therefore a little disappointed when I found Beta 
going the opposite way.' 

We have at length, then, evidence, which admits of no 
question — so obviously conclusive is it — ^to show not only 
that star-drift is a reality but that subordinate systems 
exist within the sidereal system. We moreover recognise 
an unquestionable instance of a characteristic peculiarity 
of structure in a certain part of the heavens. For, though 
star-drift exists elsewhere, yet every instance of star-drift 
is quite distinct in character — ^the drift in Cancer unlike 
that in Ursa, and both these drifts unlike the drifts in 
Taurus, and equally unlike the drift in Aries or Leo. Much 
mor^,' indeed, is contained in the fact now placed beyond 
question, than appears on the surface. Sightly imderstood. 
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it exhibits the sidereal system itself as a scheme utterly un* 
like what has hitherto been imagined. The vastness of 
extent, the variety of structure, the complexity of detail, 
and the amazing vitality, on which I have long insisted^ 
are all implied in that single and, as it were, local feature 
which I had set as a crucial test of my theories. I cannot 
but feel a strong hope, then, that those researches which 
my theories suggest, and which I have advocated during 
the last few years, will now be undertaken by willing observers. 
The system of star-gauging, which the Herschels did little 
more than illustrate (as Sir W. Herschel himself admitted), 
should be applied with telescopes of different power to the 
whole heavens,^ not to a few telescopic fields. Processes of 
charting, and especially of equal-surfSEuse charting, shoidd be 
multiplied. Fresh determinations of proper motion should 
be systematically undertaken. All the evidence, in fine, 
which we have, should be carefully examined, and no efforts 
should be spared by which new evidence may be acquired. 
Only when this has been done will the true nature of the 
galaxy be adequately recognised, its true vastness gauged, 
its variety and complexity understood, its vitality rendered 
manifest. To obtain, indeed, an absolutely just estimate of 
these matters, may not be in man's power to compass ; but 
he may hope to obtain a true relative interpretation of the 
mysteries of the stellar system. If any astronomer be 
disposed to question the utility or value of such researches, 
let him remember that Sir W, Herschel, the greatest of all 
astronomers, set *a knowledge of the constitution of the 
heavens,' as ' the ultimate object of his observations.' 

' This is a work in which telescopes of every order of power would be 
usefaL The observationB, also, would be very easily made and would teU 
amazingly. 

From the Popular Science Seview for October ld72. 






ON A CHART OF 324,198 STARS. 

It is well known that, according to the theory of the universe 
enunciated by Sir W, Herschel in 1786, — that theory which 
is commonly, but erroneously, described as the outcome of 
his labours amid the star-depths, — ^the stars visible to the 
unaided eye are included within a space which bears an 
exceedingly minute proportion to the dimensions of the 
galaxy itself. Herschel's original drawing of a section of 
the galaxy — as conceived by him in 1785 — is before me as 
I write. It extends across a folding sheet in a quarto 
volume. On the same scale, he says, the distance of the 
nearest fixed star would be no more than the 80th part of 
an inch, ' so that probably all the stars which in the finest 
nights we are able to distinguish with the naked eye may 
be comprehended within a sphere,' in the middle of this 
picture of our galaxy, * of less than half a quarter of an 
i/nch radiAJts^ 

It was with reference to this view that in the paper 
called ^ Notes on Star Streams,' which forms the first 
of the present series, I pointed out that the stars of 
the first five orders of magnitude, only, show too marked 
a tendency to follow the direction of that great star-stream, 
the Milky Way, for the flat-disc theory to be admissible. 
I then noted, — and I am careful to mention the point, 
because objections have been urged which would imply 
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that I had forgotten it, — that the first five orders of stars 
coidd ii^ve but very imperfect evidence if the accepted 
views about star distribution were just. But ^ it is on that 
very fact,' I added, ' that I wish to dwell. If any connexion 
c2oM appear between the configuration of our galaxy, and 
the arrangement of stars i^hich are assumed to be much 
nearer to us than the Milky Way, it will be obvious that 
we must somewhat modify our views.' 

I was not then aware that the astronomer Piazzi had 
noted the same fftct, — though he had dealt rather with 
statistical evidence than with the more direct evidence I 
adduced from my star-charting. Nor was I then aware 
that Struve had followed up Piazzi's hint in the introduction 
to the ^ Catalogus Begiomontanus,' and that he had been led 
to precisely my own conclusion, — viz., that the observed 
distribution of the star^ of the leading orders of magnitude 
is incompatible with the accepted or text-book theory of 
the Sidereal' System. Still less was I then aware, though 
I had carefully read through all Sir W. Herschel's papers 
on the heavens, that in his later papers he virtually aban- 
doned the theory of 1785. This fact had wholly escaped 
my notice, as I believe it escapes the notice of nearly all 
who give to those papers but a single perusal, however 
carefully that perusal may be made. It was only on a 
careful re-investigation of the whole series of Sir W. 
Herschel's papers (well worth and indeed requiring many 
readings) that I observed how completely his views changed 
some fifteen years or so after the enunciation of the theory 
of 1785. Somewhat later I found that Struve had been 
led, by a second reading of Herschel's papers, to a similar 
conclusion. For, in his * Etudes d'Astronomie Stellaire,' in 
which he extended his statistical inquiries to stars down to 
the 9th magnitude, he remarks that he ' had been chiefly 
led to this idterior discussion by a re-examination (yi/njt 
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nouvelle itude) of the memoirs of Sir W. Herschel,' which 
^ has led me to the conviction,' he adds, that my actual 
ideas respecting the Milky Way are only opposed to Herschel's 
theory of 1785, but agree very well with the later views 
{sant extrSmeToent oonformes aux vues postirieures) of 
that great astronomer.' 

The researches I am now dealing with may be regarded 
as an extension of Struve's inquiry ; only that whereas he 
employed a method of statistical research, I have preferred 
the method of actual charting to which I have adhered 
throughout these inquiries — ^whether I have dealt with stars 
or nebulae. I believe that star-charting, appealing as it does 
directly to the eye, and presenting not only general features, 
but those minor details which the statistician is obliged to 
neglect, is well worth the increased labour which it involves. 

In order that the bearing of the present inquiry on 
Struve's, as well as on the Herschelian star-gauges, may be 
rightly apprehended, it will be as well to note what Struve 
and the Herschels actually accomplished, the more so that 
mistaken notions are very prevalent on the subject. 

For instance, with respect to the star-gaugings, the 
opinion is not uncommonly entertained that the whole sphere 
of the heavens was surveyed or gauged by the Herschels. 
Many persons seem unaware of the fact that such a survey 
woiQd have been quite impracticable even though these 
great astronomers had been able and \villing to give their 
whole time to the work. When we remember that the 
labour actually bestowed by the Herschels on their star- 
gaugings bore but a minute proportion to that which they 
bestowed on other and more difficult researches, we need not 
be surprised to find that the portion of the heavens actually 
gauged was exceedingly small compared with the whole 
sur&ce of the celestial sphere. To afford an idea of the real 
extent of the Herschelian gauges, the following illustration 
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may be employed : — If the whole surface of the ' celestial 
sphere be represented by the surface of an ordinary chess- 
board, then all the gauge-fields of Sir W. Herschel taken 
together (though 3,400 in number) correspond to but about 
the fourth part of one of the squares ; while the gauge-fields 
surveyed by Sir John Herschel, taken together, correspond 
to somewhat less than a fifth part of one of the squares. 
Again, all the stars actually counted by Sir W. Herschel 
during his star-gauging amounted to about 90,000 ; those 
counted by Sir John Herschel to about 70,000 ; in all about 
160,000. Now Struve estimates the total number of stars 
visible with the Herschelian gauging telescopes at upwards 
of 20 millions ; so that the number actually coxmted is less 
than the 120th part of those which would have come into 
view in a complete survey. To this I may add that Sir W. 
Herschel, speaking of his 3,400 gauges, says that he regards 
them as ^ only an example to illustrate the spirit of the 
method.' 

Struve's latest and most extensive series of inquiries was 
applied to a list of 31,085 stars occupying a zone of the 
heavens between 15** north and 15° south of the equator, 
covering, therefore, a space equal to about the fourth part of 
the celestial sphere. By a series of ingenious inquiries into 
the number of stars probably missed in various parts of this 
zone, Struve virtually increased the number of stars he dealt 
with from about 31,000 to about 52,000. 

The method he then adopted in dealing with these stars 
was simply this: he divided the great equatorial zoneover which 
they were spread into hours of right ascension, and compared 
the numbers of stars in these divisions. He regarded these 
numbers as fairly indicating the richness of star-distribution 
round the eqvMor itself, compreamig {as it were) a zone 
30° wide mto an indefinitely thin equatorial ring. Finally, 
^ converted this eqiKitorial ring into an equatorial disc, hy 



CHART OP 324,198 STARS. 161 

conceiving the stars of the various orders of magnitude tQ 
he distributed ai corresponding distances from the centre of 
the celestial sphere. 

With all respect for the eminent abilities of the great 
Bussian astronomer, I venture to point out that there are 
very grave objections to his method of research. The spaces 
into which he divided the heavens were inordinately large : 
each, in fietct, extending 15^ in right ascension and 30^ in 
polar distance. To take averages for divisions so ei^tensive 
must surely be regarded as unsatisfactory. 

Moreover, the galaxy, regarded by Struve as a zone of 
stellar concentration, runs obliquely across his wide equatorial 
zone, a circumstance obviously tending to render his results 
less instructive than they might otherwise have been. He 
notes this himself in accounting for the absence in his 
statistical results of all signs of the division of the galaxy. 

Lastly, as the main result of Struve's inquiries was to 
exhibit the want of uniformity in stellar distribution over 
the equatorial zone, his assumption of a uniform distribution 
i/a the plane of the equatorial disc, must be regarded as 
venturesome in the extreme. 

As respects the construction of the chart, specimens from 
which form Plates XI. and XII., I need here say little, because 
I have elsewhere adverted to the points which seem of chief 
importance. I would note, however, that the pencilled divi- 
sions on this projection represent spaces on the sphere 
averaging in extent one 280th part, only, of those into which 
Struve divided his equatorial zone. Each space, also, was 
filled in, not according to the mere number of stars, but 
very carefullly by an eye-draught from the corresponding 
space in Argelander's charts. That I might not be influenced 
by the natural tendency (as Sir John Herschel calls it) to 
'exaggerate any peciiliarity which might at the moment 
seem a feature,' each meridional sector, 5^ wide, was covered 

H 
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over as soon as it was completed. The work when once 
commenced was carried on without intermission (except for 
rest and food), all other work being set aside. The necessity 
for this will be obvious when it is remembered that if the 
work had been left even for a few days only, the probability 
is that, on returning to it, I might have somewhat n^odified 
the scale of star-magnitudes, a circumstance which would 
have rendered all the work valueless. Even as it was, I 
found continual watchfulness necessary lest any change in 
the style of the work should be unwittingly admitted. It is 
not easy to work at a star-map for six or seven weeks in 
succession without changing the style or character of the 
charting ; and I found it quite impossible to complete the 
chart in less than six or seven weeks. In fact, it is only 
necessary to compute the time required for marking in the 
stars to see that the work could not readily be compressed 
into a shorter interval of time. At the moderate rate of one 
minute for ten stars, 32,400 minutes, or 540 hours would be 
required ; but the time actually occupied amounted only to 
400 hours. I was pleased to find that along the line in 
which the last day's work was brought up to the first day's, 
no signs of any change in the style of mapping could be 
noticed. Had the star-magnitudes been enlarged or di- 
minished in the interval, a sharp line of demarcation would 
unquestionably have been recognisable. As it is, I think I 
may defy the acutest observer to determine along what radial 
line the work began and ended. 

So much being noted, in order that the trustworthiness 
of the chart may be sufficiently established, I will now briefly 
sum up the results to which the careful study of the chart 
appears to lead. 

In the first place, Struve's general conclusion that the 
stars of the first nine or ten orders of magnitude are more 
densely aggregated along the galactic zone is abundantly 
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jnstifiedJ But instead of a gradual increase of density such 
as his statistics suggested, we recognise in the chart a 
distinctly marked aggregation within those very regions of 
the heavens where the Milky Way is brightest to the eye. 
In other words, we have clear evidence that it is not towards 
a certain zone that the stars aie gathered, but into those 
irregular cloudlike masses, those streams, projections, and 
interlacing branches which constitute the Milky Way, as it 
is actually presented on clear nights to our study. 

Let me quote here — in correction of that account of the 
Milky Way which is too often presented in our text-books — 
the description which Prof. Nichol has given of that wonder- 
ful star region. ' It is, indeed, only to the most careless 
glance,' he justly says, ' or when viewed through an atmo- 
sphere of imperfect transparency, that the Milky Way seems 
a continuous zone. Let the naked eye rest thoughtfully on 
any part of it, and if circmnstances be favourable, it will 
stand out rather as an accumulation of patches and streams 
of light of every conceivable variety of form and brightness ; 
now side by side ; now heaped on each other ; again spanning 
across dark spaces, intertwining, and forming a most curious 
and complex net-work ; and at other times darting off into 
the neighbouring skies in branches of caprioious length 
and shape, which gradually thin away and disappear.' 

It will be seen that the aspect of the star-groups in the 
chart accords in. the most significant manner with this 
description. 

I would note, next, a circimistance which at first some- 
what surprised me. The densely crowded regions in the 
chart show certain very well-UMurked projections in Perseus 

' It 18 to be noticed that ArgelaDdei's magnitades differ from those em- 
ployed by Sir John Herschel. Accozding to the nomenclature of the English 
astronomer my chart shows all stars down to the eleventh magnitude in- 
clusive. 

X 2 
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and Auriga, on the northern side of the galaxy. Sir John 
Herschel, in his account of the Milky .Way, mentions no 
such projections. But something in the aspect of these 
projecting masses seemed familiar to me so soon as I studied 
the complete chart. At length I was led to examine the 
Milky Way as depicted in the maps constructed by Sir John 
Lubbock. In my Gnomonic charts I had followed that 
figure of the galaxy, and I had used the same delineation in 
a work now out of print, called the ' Constellation Seasons^ 
On turning to my own drawings in these works. I found the 
very projections whose appearance had seemed fisimiliar to me, 
as well as a long projection on the southern side of the 
Milky Way in Perseus, extending from Algol towards 
Andromeda. This projection also follows the direction of a 
declination-parallel, and its form is very clearly to be recog- 
nised in the chart. In the key-map I have shown these 
projections on opposite sides of the Milky Way in Perseus. ; 

In the chart, however, we see these projections carried 
much further away from the main branch. We see, also, 
that from the other half of the Milky Way between Cepheus 
and Aquila there are similar extensions curving round on the 
northern side to a considerable distance from the main branch. 
One of these traverses Lyra and curves round almost to Ursa 
Major; another passes round from Hercules to Corona; 
while we note that the discontinuous branch which the naked 
eye recognises as extending from Cygnus to Ophiuchus is 
carried round towards Bootes. 

Amongst these branching extensions there is, in places, so 
singular a tendency to agreement with declination-parallels, 
that the question may well suggest itself whether the 
peculiarity is not due to some feature in the construction of 
the maps — ^some bias, as it were, by which I might have been 
led to parallelise the star-grouping in this particular way ; 
for plainly the north pole of the sky has no relation whatever 
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to'the construction of tbe stellar heavens. I am able to asserty 
bowever, with the utmost certainty of conviction, that 
nothing in the construction of the maps can explain the 
peculiarity. The original chart was most carefully divided 
into 26,400 spaces, each veiy small therefore, and the average 
number of stars to each space was but eighteen. These 
spaces were severally much smaller, both in length and 
breadth, than the cross-section of these branching extensions ; 
so that even the most impractised draughtsman, working in 
the most careless manner, could not have been so biassed 
that these curved branches could be thus explained away. 
As I have had some degree of practice in star-charting, and 
as, further, every portion of this chart was drawn as though 
it were forthwith to be subjected to the severest and 
most critical scrutiny, it will be understood how utterly 
impossible it is that so marked a peculiarity can have the 
imagined explanation.^ 

Apart from this, the curved branches will be found, on a 
close scrutiny, not to agree exactly with the direction of 
declination-parallels; and all of them can be traced in 
Argelander's large charts, when these are carefully studied. 

A circumstance of some interest is to be recognised in 
the &ct that these branching extensions are found to lead, 
in almost every instance, towards regions of the heavens 
where many nebulsB exist. 

The rich stellar region of Orion, as well as the Hyades 
and Pleiades, are shown to be intimately associated with the 
Milky Way. 

In conclusion, I may remark that although the results 
to which this chart seems to point may appear altogether 



' This does not predude the possibility that there may be in places a ten- 
dency to ' meridional * or * parallel ' graining^ so to speak ; but of a much finer 
nature than the peculiarity referred to in the text, and in no way affecting the 
chart*s real 8ignificanc3. 



166 THE UNIVERSE. 

opposed to accepted views respecting the constniction of the 
heavens, they accord exceedingly well with the enlarged 
views formed by Sir W. Herschel towards the close of his 
career as an observer,* and even better with the views towards 
which his later researches pointed. The mode of research I 
have adopted is altogether new, and it is one which seems 
more likely to lead to clear views of the constniction of the 
heavens than any yet employed ; for it presents before the 
eye at one view what hitherto has had to be inferred from 
tabulated figures. It is capable of a far wider extension^ 
however ; and I could wish that others who have more leisure 
than I can afford would aid in this interesting branch of 
inquiry. To such I would repeat the words by which Sir 
John Herschel, two years ago, encouraged me to fresh 
inquiries : ^ Be not deterred,' he wrote on August 1, 1869, 
< from dwelling closely and consecutively on these inquiries, 
by any idea of their hopelessness which the objectors ^^ainst 
^^ paper astronomy " may entertain, or by the real slendemess 
of the material threads out of which any connected theory of 
the universe has at present to be woven.' 

* I except the papers uf 1817 and 1818. 
From the Monthly Notices of the Royal Astronomical Society, Norember 1871. 
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ON TWO RICH NEBULAR REGIONS. 

In the maps which illustrate my papers on the distribu- 
tion of the nebulfie, in my ^Essays on Astronomy/ the 
nebulae are not shown in their true places, but are simply 
arranged according to their numerical distribution in spaces 
having given limits in B. A. and Dec. While engaged in the 
construction of these maps, it occurred to me that con- 
siderable light might perhaps be thrown on questions relating 
to stars and nebulae, if maps were constructed on an adequate 
scale, showing the stars down to telescopic orders of 
magnitude, and all the known nebulae, properly placed. It 
is clear that to construct such maps for the whole heavens 
would be a work involving several months of labour, and it 
is seldom that I can find even a few hours of leisure for such 
work. I have, however, begun to prepare maps of the most 
interesting nebular regions, and I now present two such 
maps — one showing the rich nebular region in the wing of 
Virgo, the other the rich region in Coma Berenices. The 
former map contains upwards of 250 nebulae, the latter con- 
taining some 80 ; and in both maps all the stars in 
Argelander's series of charts (corrected for precession, so as 
to accord with the date of Sir John Herschel's Catalogue of 
Nebulae) have been included. Thus the maps show all the 
stars down to Herschers 11th magnitude, or to the magni- 
tude intermediate to Argelander's 9th and lOth.^ 

■ I say down to these magnitudes ; but there are many who prefer to spenk 
of the fainter orders of stars as belonging to the higher orders of magnitude. It 
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The larger map (fig. 14), extends from 12*» 0°» to 12'» 45« 
in B.A.9 and from the equator to 20^ in north declination. 
Thus it covers about -rfj-th part of the whole heavens, and 
the average proportion of nebulsB for that extent of surface 
would be about 28. Since it contains more than 250, its 
relative richness is unmistakable. 

The smaller region (see fig. 15), extends from 12^ 32*^ to 
13b 12" in E.A., and from 23"* to 38° in north declination. 
In the most northerly part of the map, however, the range 
in R.A. is about a degree and a half greater. The area is 
about xi~&^^ P^^ ^^ ^^^ heavens. The average proportion 
of nebulsa woidd be 15, the^ actual number is more than 
five times as great. 

In drawing these maps, I have been much struck by a 
circumstance which may perhaps not seem particularly well 
marked on a casual examination of the maps, but which has 
a real existence nevertheless. The stars are not arranged 
uniformly over either region, but to some degree clusteringly 
with interspersed spaces relatively vacant. Now no nebulae 
appear in the more vacant spaces, nor do nebulse appear 
chiefly where the stars are most clustered. It is on the 
borders of star-clusterings, and in the breaks of star-streams, 
that the nebulsa show themselves, precisely as though they 
had taken the place of stars where star-matter began to 
fail. 

This result is in agreement with what Sir W. Herschel 
observed as to the relation between nebulae and the fainter 
telescopic stars ; for it was not in absolutely starless regions 

♦ 

would be well tbftt some definite rule should be adopted in this matter. My 
own sole reason for speaking of the brighter orders as the higher orders is, that 
I find that mode of speaking to be more in accordance with ordinary ideas on 
the subject than that which calls a very faint star a star of a high order of 
magnitude. Authority is divided on the subject^ some astronomers adopting 
one mode of speaking, while others use the other. Hence some confusion is 
apt to result. 
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— ot rather, it was not in regions merdy starless — that he 
found nebulas richly spread. It vas when in his sweepings 
he found stars beginning to &il after having been richly 



Fio. IS, — The Nsbular Region ia Coma Betenicee. 

spread, that he called to his assistant. Miss Caroline Herschel, 
to ' prepare to write, for he found himself approaching 
nebulous ground.' 
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I cannot but regard the relation here stated to exist in 
the maps as full of significance. After going carefully over 
the whole ground in mapping, I have become convinced that 
the peculiarity has a real existence, that it cannot be ascribed 
to chance. The peculiarity recognised by Sir W. Herschel 
is e(]ually striking, and we know that he was by no means 
disposed to regard it as merely accidental. Taking the two 
features, or rather the two forms of one and the same feature, 
into due account, it seems to me impossible to doubt that 
there is in these regions a real association between nebulae 
and stars. The nebulse here, at any rate, would seem not to 
be external star-systems. 

If it should at any time become possible to compare the 
proper motions of these nebulae (some of which are gaseous) 
with those of the stars — either the apparent proper motions 
in the heavens, or motions of recess or approach— evidence of 
importance might be obtained respecting the relative 
distances of stars and nebuLB in these regions. I entertain 
very little question as to the result of such researches. I 
would not venture, indeed, to assert that any marked 
community of motion will be recognised when nebulae and 
stars are compared ; but I feel confident that the average 
rate of apparent nebular motion will be found to correspond 
with the average rate of stellar motion, and that no dis- 
crepancy will be found to exist between the general character 
of the stellar and nebular motions in the direction of the line 
of sight. 

Fffom the MouthJy Notices of the Astronomical Society for November 1872. 
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THE CONSTRUCTION OF THE HEAVENS. 

A knowledge of the construction of the hearens has always been the ultimate 
object of my observations.— Sir W. Hbbschxl (Phil. Trans, for 1811). 

It may appear strange, bat is nevertheless strictly true, that 
though the name astronomy implies the science which deals 
with the laws of stellar distribution, yet astronomers as a 
body have given less attention to the discussion of these laws, 
or, in other words, to the solution of ihe problem of the 
construction of the heavens, than to any other department 
of their science. The observation of the stars has, indeed, 
occupied a large share of the labours of astronomers ; but 
such observation has been directed to the exact determination 
of the position of individual orbs upon the vault of heaven. 
At the great public observatories the prosecution of such 
work — the importance of which, be it understood, I am very 
far from questioning — ^has been the object of many years of 
patient labour by many hundreds of skilful astronomers : 
catalogues in which star places are recorded by hundreds of 
thousands are now in existence, and the magnitude, colour, 
proper motion, annual parallax, and other relations of 
multitudes of stcurs have been carefully indicated. But these 
labours have not been carried out for the purpose of obtain- 
ing information respecting the structure of the sidereal 
imiverse. They have all related to the recognition and 
accurate placing of individual stars ; and indeed, it may be 
said, without exaggeration, that they have all been intended 
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to subserve terrestrial purposes rather than to extend oiiv 
knowledge of celestial relations. 

And it is particularly remarkable how few of the astro- 
nomers whose names stand highest in the roll of scientific 
fame, have taken any considerable degree of interest in the 
problems presented hy the stellar heavens. Hipparchus and 
Ptolemy studied the stars in order to obtain information 
respecting the earth. Copernicus neither formed nor 
attempted to form any theory of the sidereal system. He 
expressed, indeed, the opinion that the universe of stars is 
spherical, but he based this opinion on considerations far 
removed from the actual study of the stars. Kepler, in like 
manner, did not direct his attention to the distribution of 
the stars, and the evidence which that distribution may 
afford respecting the constitution of the heavens ; he, like 
Copernicus, expressed an opinion respecting the sphere of 
stars, but the opinion was based on &nciful analogies, not on 
observed fiicts.* Cralileo limited himself to the observation 



> His reasoning is so zemarksble that I venture to quote it in this place, for 
it affords a Tory snggestiye insight into the nature of Kepler's mental organi- 
sation, especially when we consider that the work in which these ideas are put 
forward — the * Epitome' — ^was published partly in 161S and partly in 1620i 
while the three laws of Kepler were published in 1609 and 1619 ; in other 
words, that he was bringing out a farrago of fanciful and baseless speculations 
during the yery period which saw him force from Nature the key to one of thd 
noblest of her secrets. After explaining that the stars are necessarily en- 
closed within the substance of a spherical sheU haying the sun at its centre^ 
he proceeds to reason thus : — ^The radius of the concayity enclosing the sun is 
determined by a simple proportion. Saturn, the outermost planet, travels at a 
distance from the sun equal to 2,000 times the sun's radius ; therefore, by 
the harmony of relations the distance of the sphere of the fixed stars is equal 
to 2,000 times the distance of Saturn from the sun. But the thickness of the 
crystalline (the spherical sheU enclosing the stars) can also be determined. 
All the matter of which the universe is formed is divided into three equal 
parts. One-third is included in the body of the sun ; another third forms the 
substance of the planets and of the celestial ether which fills up the space 
within the sphere of the fixed stars ; the remaining third forms the crystalline. 
Now since the ether fills a space exceeding the sun's volume 64 trillions of 
times [(4,000,000)1], its density must be proportionately small compared with 
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of the stars with his telescope, enunciating only the theory 
that the Milky Way consists of a multitude of stars, as 
demonstrated by his telescopic researches. Hevelius did 
not discuss in any way the relations presented by the stars. 
Huyghens, however, in his ^ Cosmotheoros,' made many 
judicious reflections respecting the stellar system, and ad- 
vanced opinions which were carefully based on observed &cts. 
We owe to him the definite enimciation of the theory that 
the stars are sims like our own, — probably, like it, the centre 
of planetary schemes. Huyghens, like his predecessors, failed 
to discuss attentively the configuration of the star groups, 
whether those seen by the naked eye or those revealed in the 
telescope, with the purpose of thence ascertaining the laws 
according to which the stellar universe is constituted. 
Newton, Halley, Flamsteed, and their contemporaries, paid 
in like manner very little attention, or none at all, to that 
stupendous problem, the solution of which Sir W. Herschel 
afterwards set before him as Hhe ultimate object of his 
observations.' And passing at a step over the interval sepa- 
rating Newton's day &om our own times, it may be said that 
the Herschels and the elder Struve have been the only 
astronomers who have attempted to form broad and con- 
nected views respecting the structure of the universe, while 
only half-a-dozen names need be added, if we would include 
those who have given attention to the subordinate problems 

his. And the density of the crystalline must be a mean between the son's 
density and that of the ether. Thus the crystalline has a density 8,000 million 
times [(4,000,000)}] less than the sun's ; and as its mass is equal to the sun's, 
its volume is 8,000 million times greater. Hence, since its inner diameter is 
known, it is easy to calculate its thickness, which is found to be equal to the 
6,000th part of the sun's radius — or, according to nineteenth century measure- 
ments, to about seventy miles. 

It would appear, as Struve points out^ that Kepler in thus reasoning was 
chiefly striving to accommodate the Cppernican theory with the ideas enter- 
tained in his day respecting the waters above the firmament spoken of in the 
Pentateuch. 
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associated with the great one of determining the laws of the 
sidereal system. 

But even more remarkable than the carelessness with 
which nearly all the great astronomers of the last three 
centuries have viewed this noble problem, is the faet that 
attention was first £urly called to the problem, and worthy 
attempts were first made towards its solution, by men who 
were not astronomers ^ in the true sense of the term, and 
whose names, with a single exception, remain in undeserved 
obscurity. How seldom do we hear the names of Wright, 

' Lest this remark should be misunderstood, I may as well explain in what 
aense I use the word astronomer. I was somewhat roundly taken to task 
when in the first edition of my ' Other Worlds ' I spoke of Whewell in one 
place, and of Humboldt in another, as not being astronomers. There cannot 
be any question that Whewell had a clearer insight into many astronomical 
subjects than many ^o must be described as astrq^omers ; and a like remark 
applies to Humboldt, Brewster, and others, as well as to those of whom 
I speak aboTe. Yet it is impossible for any astronomer to read many consecu- 
tire pages of matter written on astronomical subjects by Whewell, Humboldt, 
Brewster, Kant, and others, without feeling that they were emphatically not 
astronomers. What then, it may be asked, is my definition of an astronomer? 
It is one which immediately removes anything that might seem invidious in th6 
distinction I draw between the aboye-mentioned eminent men, and others— not 
more eminent, some far less eminent — whom I should emphatically call astro- 
nomers. An astronomer is one who derotes the main portion of his scientific 
life and labour to the study of astronomy, either generally or in some special 
department. This definition excludes, and, as I take it, properly excludes 
those who turn for a while from their special branches of research to the study 
of some special astronomical subject, however skilftdly they may treat that 
subject It also excludes those (and again, as I take it, the exclusion is right 
and proper) who have made all science their subject. But unlike other definitions 
which I have heard advanced, it does not exclude any class of astronomical 
workers or thinkers. If we take a familiarity with any special branch of astro- 
nomical lore, whether observational or mathematical, or theoretical or historical, 
as essential to the character of the true astronomer, we must in every case 
exclude many who have given nearly the whole of their scientific life and 
labour to the advancement of the science of astronomy. We might thus adopt 
a definition excluding Adams and Leverrier, or another excluding Airy or 
Challis, or another excluding Huggins and De la Hue, or another excluding 
Dawes and Webb, and Knott and Browning. Newton could be excluded 
because he was not an observer of the heavens ; Sir W. Herschel because he 
was not an adept in manipulating the formula of Laplace and Lagrange. In 
fine, we might successively exclude every student of astronomy that has ever 
lived, with perhaps the single exception of the younger Herschel. 
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Lambert, and Michell associated with those of the Herschels 
and Struve ; how seldom, indeed, are they mentioned at all : 
and if the name of Kant is held in high honour, how little is 
this due to its association with astronomical theories I Yet 
I do not hesitate to say, that Wright, Elant, Lambert, and 
Michell did more to advance men's ideas respecting the con- 
stitution of the sidereal universe than all the astronomers 
who lived before the time of Sir W* HerscheL 

We owe to Wright, of Durham, the enunciation of that 
theory of. the universe which is so conmionly presented in 
our text-books of astronomy, as representing the ^ outcome,' 
BO to speak, of the labours of the elder HerscheL Nor did 
Wright simply enimciate that theory; he based it on 
observation* All that was hypothetical in his reasoning was 
the idea with which he started, that the stars are arranged 
with a certain general uniformity throughout the sidereal 
system. ^ It seems inconsistent,' he said, ^ with the harmony 
observed in all the other arrangements of Nature, that one 
scheme of stars should be arranged with perfect symmetry 
while another is scattered irregularly.' It is £eu: safer — 
so Wright reasoned — ^to conclude that the incongruity 
between the aspect of the lucid stars and that of 
the Milky Way, is due only to the imperfect nature of 
our survey, both as respects extent of space and duration in 
time. ' When we reflect,' he proceeds, ' upon the various 
configurations of the planets, and the changes which they 
perpetually undergo, we may be assured that nothing but a 
like eccentric position of the stars could occasion such con- 
fusion among bodies otherwise so regular ; in like manner 
we may conclude, that as the planetary system if viewed &om 
the Sun would appear perfectly symmetrical, so there may 
be some place in the universe where the arrangement and 
motions of the stars may appear most beautiful. If we 
suppose the Sun to be plunged in a vast stratum of stars of 
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inconsiderable thickness compared with its dimensions in 
other respects, it is not difficult to see that the actual 
appearance of the heavens may be reconciled with a 
harmonious arrangement of the constituent bodies of such a 
' system with respect to some common centre, provided it be 
admitted at the same time that the stars have all a proper 
motion. In such a system it is manifest that the distribu- 
tion of the stars would appear more irregular the farther the 
place of the spectator was removed from the centre of the 
stratum towards either of the sides. It is also evident that 
the stars would appear to be distributed in least abundance 
in the opposite directions of the thickness of the stratum, 
the visual line being shortest in those directions ; and that 
the number of visible stars would increase as the stratum 
was viewed through a greater depth, until at length, from 
the continual crowding of the stars behind each other, it 
would ultimately assume the appearance of a zone of light.' ^ 
It will be obvious that we have here a complete enuncia- 
tion of what has been called the Grindstone Theory of the 
stellar system. The theory is based by Wright on observed 
facts, precisely as it was afterwards based by Sir W. Herschel 
on other observed facts. Assuredly whatever credit apper- 
tains to the invention of the theory must be in justice 
ascribed to Wright, who thus in 1750 reasoned out and 
clearly described the views to which Herschel was led in 
1784. Wright, indeed, did not convince his contemporaries. 
Either they were imwilling to examine the reasoning he 
advanced, or they could not recognise its force ; but neither 
remissness nor slowness of apprehension on their part can 
afford just ground for depriving Wright of the credit due to 
his ingenious analysis of known facts. 

* I bave not followed here Wright's actual text, not haying present access 
to his work. The above passage is taken from the abstract of Wright's theory 
in Professor Grant's excellent ' History of Physical Astronomy.' 

N 
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Kant's speciilations, so far as they relate to the present 
constitution of the universe, must be regarded as simply an 
extension of Wright's theories. Kant had read Wright's 
work, the * Theory of the Universe,' which had been reprinted 
in a Hamburg journal of the year 1751, and he admits that 
his views respecting the universe of stars were suggested by 
Wright's theories ; but he found himself unable to indicate 
< to what extent his system is a reproduction or amplification 
of Wright's.' There can be no question that unconscious 
memory had a much larger share in the production of Kant's 
ideas as published in 1755, than he himself (in the ab- 
sence of Wright's work to refer to) could probably have 
imagined.*^ The most important point to be noticed in 
Kant's work is his extension of Wright's speculations to other 
orders of systems than observation had yet revealed. Wright 
]iad considered that the nebulae indicate the existence of 
other systems, not necessarily like our own star system, but 
of the same order in the scheme of creation. Kant con- 
sidered that these star systems are members of a new system 
of a higher order. * We trace here,' he added, * the first 
terms of a series of worlds and systems, and these first terms 
of an infinite series enable us to infer the nature of the rest 
of the series.' * 



* Professor Huxley, in his fine essay on ' Geological Beform/ remarks that 
Grant, in his * History of Physical Astronomy,' makes but the briefest refer- 
ence to Kant. The reason for this may probably be found in the circumstance 
that, in describing Wright*s ideas. Grant had already presented all those of 
Kant/s views which could properly find a place in a history of physical astro- 
nomy. The student who is anxious to inquire into those more speculatiTe ideas 
of Kant which are not to be found in Wright's * Theory of the Universe,* should 
refer to Kant's original work, 'AUgemeine Naturgesichte und Theorie des 
Himmels ; oder Versuch von der Verfassung und dem mechanischen ursprunge 
des ganzen Weltgebiindes nach Newton'schen Grundsatzen Abgehandelt.' — 
Kant's Sammtliche Werke, Bd. i. p. 207. 

' I omit all reference to the ideas of Wright, Kant, Lambert, and others, as 
to the existence of central suns, simply because those ideas were purely 
speculatiye. I may add here, however, that analogy now no longer requires 
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Strangely enough, while Kant borrowed his views almost 
wholly, though unconsciously, from Wright, he seems to have 
been disposed to regard Lambert's views — which in reality 
were unlike his own — as borrowed from himself. In his 
correspondence with Lambert, Kant remarked in 1763, that 
^ the accordance between their ideas extended even to the 
most minute details.' It will be seen, however, that in 
forming this opinion Kant misinterpreted the theses of 
Lambert. 

Lambert, like Huyghens, Wright, and Kant, regarded 
the stars as suns resembling our own sun in importance, and 
like it surrounded by planetary systems. Each sun with its 
£eimily of planets formed in Lambert's theory a system of the 
first order. He considered that our sun belongs to a vast 
globular group or cluster of stars, ' forming a system of the 
second order, including all those stars, spread over all parts 
of the heavens, which do not belong to the Milky Way. He 
further held that there are many systems of the second order, 
and that these are not distributed throughout all space, but 
are all found near a certain principal plane or mean level, 
and being ranged one behind the other to a great depth, 
form by their concourse the Milky Way. This is a system of 
the third order. Analogy suggests, he added, that there are 
in the universe many Milky Ways ; ' perhaps, for instance, 
the nebula in Orion may be a Milky Way, nearer to us than 
the rest. Should this be the case, telescopic research will 
reveal many others, forming together a system of the fourth 
order,^ And he proceeded thence to the inference that there 
may be systems of yet higher orders. 

It will be observed that in regarding the Milky Way as 
formed, not directly of the concourse of many stars, but of 

that we Bhould consider eyery system as necessarily gorerned by a central 
orb. We now know from observation that many systems of orbs exist in 
space which hare no denominating centre. 
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the concourse of many clusters of stars, Lambert formed a 
totally different conception of its nature than Kant had 
adopted. Nor was thi s view of Lambert's, any more than were 
his other opinions, merely speculative. He based it on the 
observed irregularity of the Milky Way, on the different 
richness of its various parts, and on its branching figure. 
In passing, it may be observed that Lambert here anticipated 
conclusions to which Sir William Herschel was led soon after 
he had abandoned the principle of star gauging. 

Lambert thus describes the grandeur of the imiverse of 
systems as pictured in his theory : — ' How fiu: soever we 
may extend the scale,' he says, ^ we must necessarily stop at 
last. And where ? At the centre of centres, at the centre 
of creation, which I should be inclined to term the capital 
of the universe, inasmuch as thence originates motion of 
every kind, and there stands the great wheel in which work 
the teeth of all the rest. From thence the laws are issued 
which govern and uphold the universe ; or rather, there they 
resolve themselves into one law, of all others the most 
simple. But who would be competent to measure the space 
and time which all the globes, all the worlds, all the worlds 
of worlds employ in revolving around that immense body — 
the Throne of Nature and the Footstool of the Divinity I 
What painter, what poet, what imagination is suflSciently 
exalted to describe the beauty, the magnificence, the 
grandeur, of this source of all that is beautiful, great, and 
magnificent ; and from whence order and harmony flow in 
eternal streams through the whole bounds of the imiverse.' 

Michell limited his attention to the lucid stars, not enun- 
ciating any complete theory respecting the galaxy. The 
most important of his theoretical views, or rather the most 
important of the facts which he established,^ is that which 

* Amongst the facts which Michell established must be included the 
existence of binary star systems. Nothing can be more complete or demon- 
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relates to the existence of laws of arrangement (even among 
the stars visible to the naked eye), according to which 
the stars form systems, separated from each other by rela- 
tively vacant spaces. * We may conclude,' he says, * that 
the stars are really collected together in clusters in some 
places, where they form a kind of systems ; whilst in others 
there are either few or none of them, to whatever cause this 
may be owing, whether to their mutual gravitation or to 
some other law or appointment of the Creator.' He then 
proceeds to inquire whether the sim * likewise makes one of 
some system.' He considers that this is probably the case, 
and he endeavours to separate those stars which probably 
belong to the same system as the sun from those which do 
not. * There are some marks,' he says, 'by which we 
may with great probability include some and exclude 
others — while the rest remain more doubtful. Those stars 
which are found in clusters and surrounded with many 
others at a small distance from them, belong probably 



Btratire than MicheU*B leasoning on this subject; and I can conceive no 
reason why the credit of the discorery should be refused to the man who 
deduced it by exerting the noblest of human faculties — the power of abstract 
reasoning, in order that it should be handed over to another (however eminent) 
who deduced it from direct observation* It is true Michell failed to convince 
his contemporaries, and that his reasoning, if it had not been subsequently 
confirmed by Sir W. Herschel's obserrations, might hare remained to this day 
unappreciated, save by the few. But this does not do away with the fact that 
Michell's demonstration was complete; and his credit ought not to be 
diminished because the many could not grasp the full value of the proof. A 
reiy slight extension of such a method of judging might deprive the Herschels 
in their turn of the credit now (as I think unjustly) assigned to them for the 
discovery, to make it over to the first person who (say) by obtaining photo- 
graphic records of double stars, should enable everyone to see for himself that 
one component circles around the other. Surely the reputation of the 
Herschels does not require that any credit should be assigned to them which 
is justly due to another. Michell has indeed been particularly unfortunate in 
such matters, since, to mention no other instances, the so-called Cavendish 
experiment for weighing the earth was not only devised by him, but the vary 
instrument with which Cavendish conducted the experiment was constructed 
under Micheirs superintendence. 
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to other systems and not to ours. And those stars which 
are surrounded with nebulae are probably only very great 
stars, which upon account of their superior magnitude 
are singly visible, whilst the others which compose the 
remaining parts of the same system are so small as to 
escape our sight. And those nebulsB in which we can 
discern only a few stars even with the assistance of the best 
telescopes, are probably systems which are still more distant 
than the rest.' On the other hand, he inferred that those 
stars ' which being placed at a greater distance from each 
other compose the larger constellations, and such as have 
few or no smaller stars near them when examined with 
telescopes, belong probably to our own system. Variable 
stars he also regarded as in all probability members of the 
system of stars to which our sun belongs : though the reason- 
ing on which he based this opinion is not such as can now be 
admitted ; for he considered their variations of brilliancy to 
be due to variations of distance (a cause which would 
necessarily be more eflFective in the case of stars relatively 
near to us) ; but we now know that this explanation is not 
the true one. He also judged red stars to be much larger 
and nearer than their apparent brightness would suggest, 
and hence inferred that they also belong to the system of 
stars which includes our sun. 

In passing to the work of Sir W. Herschel as a student 
of the sidereal heavens, I cannot but express some degree of 
surprise that so little has been done to bring the records of 
his labours properly before the student of astronomy. His 
papers merely collected into a volume would form a most 
important accession to astronomical literature. .But if 
suitably edited and illustrated by the work of his son, and of 
others who have succeeded in the same field of research, 
the volume would do more to advance the study of sidereal 
astronomy than any work which has been published during 
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the last century* It must be added that nearly all that has 
hitherto been done in making Herschel's words and work 
public, has been rather an injustice to his memory than 
otherwise. It seems to have been supposed that his 
own account of his work might be treated as we should 
treat such a work as Sir John Herschel's ^ Outlines of 
Astronomy,' and that extracts might be made from any 
part of any paper, without reference to the position which 
that paper chanced to occupy in the complete series. It 
does not seem to have been noticed that not only was there 
a progression in the ideas as well as in the work of the 
great astronomer, but that there was a complete change in 
his opinions during the progress of his labours. Hence 
views expressed by him in his earlier papers are not uncom- 
monly in strong contrast with those which he advocated in 
later years ; opinions which he regarded as certainly just at 
one time were rejected as most probably incorrect after a 
few years of fresh labour; and whereas in 1785 he enun-» 
ciated with some definiteness a theory respecting the con- 
stitution of the universe, he not only abandoned this theory 
(implicitly) in 1811, not only gave up the very principles on 
which it had been based, but he did not consider himself in 
a position during any subsequent part of his career to state 
with the same degree of definiteness any theory whatever 
respecting the constitution of the heavens. 

It is to be premised, however, that even the theory of 
1785 * is not properly described in our text-books of astro- 

* It will bA observed that I pass over the paper of the year 1784, in which 
Herschel first b€gan to discuss the constitution of the heavens. That paper 
is so obviously a mere introduction of his subject, so obviously preliminary, 
that one cannot but be amazed to find how much stress is laid upon it in many 
works on astronomy, and etipecially among French writers. We doubtless 
owe this to Amgo's misapprehension of the purport of the paper. Struve has 
pointed out, also, very justly, that Arago has miscontrued the details of 
HerscheFs theories. There scarcely exists, indeed, a less trustwoithy account 
of Herschel's works and theories than that given by Arago, "whom yet many 
English writers accept as an authority on the subject. 
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nomy, and that some of the accounts which purport to be 
descriptions are the merest travesties of the noble conceptions 
of Sir W. Herschel. 

The sole point in the remarkable paper of 1785 which 
seems in any degree to correspond with the account usually 
given, is the hypothesis on which the principle of star- 
gauging is based. Herschel adopts a general uniformity of 
stellar distribution within the sidereal system as a means of 
forming some idea of the shape of that system. If there 
were actual uniformity, it would be sufficient to turn a 
telescope successively to different parts of the heavens, to 
obtain a sufficiently accurate idea of the extension of the 
stellar system in those different directions; for obviously, 
the farliher away the boundary of the system might lie in any 
direction, the more stars would be seen in that direction. 
But though Herschel thus adopts a principle resembling that 
usually associated with the method of star-gauging, and 
though he arrives at a conclusion in some sense resembling 
that which has received the name of the Grindstone Theory 
(though it would more properly be called the Cloven Disc 
Theory), yet it is only on the most cursory reading that 
either the principle of generally equable distribution, or the 
conclusion that our sidereal system forms a cloven stratum of 
stars, can be regarded as according with Herschel's real views. 
He fully recognised the existence of subordinate systems 
vrithin our sidereal system. This is shown by his remark 
that it is * a very extensive, branching, compound congeries 
of many millions of stars, which most probably owes its 
origin to many remarkably large as well as pretty closely 
scattered small stars that may have drawn together the 
rest.' 

Again, let the reader carefully study the following ex- 
tract from the paper of 1785, and he will find that, whereas 
it is perplexing in the extreme if the sidereal system be re- 



THE CJONSTRUCTTION OP THE HEAVEXS. 185 

garded as a mere cloven stratum of stars, pretty uniformly 
distributed, it becomes perfectly clear (and wonderfully 
striking) when we remember that Herschel considered the 
Milky Way to be compound in structure and branching in 
figure: — 

' If it were possible to distinguish between the parts of 
an indefinitely extended whole, the nebula we inhabit might 
be said to be one that has fewer marks of profound antiquity 
upon it than the rest. To explain this idea, perhaps, more 
clearly, we should recollect that the condensation of clusters 
of stars has been ascribed to a gradual approach ; and who- 
ever reflects upon the numbers of ages that must have passed 
before some of the clusters could be so far condensed as we 
find them at present, will not wonder if I ascribe a certain air 
of youth and vigour to miany very regularly scattered regions 
of our sidereal stratum.' 

Yet more strikingly opposed to the common conceptions 
of Herschel's earlier theory, is the following passage from the 
paper of 1785: — * Our system after numbers of ages may 
very possibly become divided so as to give rise to a stratum 
of two or three hundred nebulae ; for it would not be diffi- 
cult to point to so many beginning or gathering clusters in 
it. This view of the subject throws a considerable light 
upon the appearance of that remarkable collection of many 
hundreds of nebulae which are to be seen in what I have 
called the nebulous stratum of Coma Berenices. It appears 
from the extended and branching figure of our nebula, that 
there is room for the decomposed small nebulae of a large, 
reduced, former great one to approach nearer to us in the 
sides than in other parts. Nay, possibly, there might 
originally be another large joining branch, which in 
time became separated by the condensation of the stars ; 
and this may be the reason of the little remaining breadth 
of our system in that very place ; for the nebulae of the 
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stratum of Coma are brightest and most crowded just oppo-* 
site our situation, or in the pole of our system. As soon as 
this idea was suggested,' he adds, ^ I tried the opposite pole, 
where accordingly I have met with a great number of 
nebulse, though imder a much more scattered form.' 

It will be quite obvious, I think, that Herschel enter- 
tained at this time ideas altogether different from those 
usually ascribed to him. In particular, it is to be noticed 
that he regarded the nebulae in two aspects at this time. 
There were some which he held to be parts of a much larger 
nebula, possibly parts of our own Milky Way. Others he 
held to be external Milky Ways, and therefore themselves 
made up of subordinate nebulse. At this stage of his career, 
however, he seems to have entertained no doubt as to the 
stellar character of any nebuke ; and it is to the ideas he 
thus early promulgated respecting the nebulae, that we must 
ascribe the common but altogether erroneous opinion, that 
Herschel regarded all the nebulae as external galaxies of 
suns. He never entertained so general a theory as this ; but 
even the theory he did entertain in 1785 respecting some of 
the nebulse was modified ere long as respects a very large 
proportion of those objects. 

He had not changed his views, however, in 1789, when 
he compared the nebulse of various orders to plants in 
various stages of growth. The following passage does not, 
as has been asserted, relate to his hypothesis of the develop- 
ment of nebulse into stars, but to the various orders of 
stellar systems. * This method of viewing the heavens,' he 
says, referring to the view that differences of antiquity may 
account for the different appearances of nebulse, * seems to 
throw them into a new kind of light. , They now are seen to 
resemble a luxuriant garden, which contains the greatest 
variety of productions in different flowering beds ; and one 
advantage we may at least reap from it is, that we can, as it 
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were, extend the range of our experience to an immense 
duration* For to continue the simile I have borrowed from 
the vegetable kingdom, is it , not almost the same thing 
whether we live to witness successively the germination, 
blooming, foliage, fecundity, fading, withering, and corrup* 
tion of a plant, or whether a vast number of specimens, 
selected &om every stage through which the whole plant 
passes in the course of its existence be brought at once to 
our view.* 

But the time was approaching when Herschel was to 
form entirely new views respecting the constitution of the 
heavens. I pass over the paper of 1796 — though if space 
permitted I might quote passages from it, suggesting in a 
very interesting manner the progression of Herschel's ideas — 
and turn to the paper of 1802. There can be no mistaking 
the import of the following passages from this important 
paper : — ^ The stars we consider as insulated,' says Herschel, 
* are also surrounded by a magnificent collection of innumer- 
able stars, called the Milky Way, which must occasion a very 
powerful balance of opposite attractions, to hold the inter- 
mediate stars in a state of rest. For though our sun, and 
all the stars we see, may truly be said to be in the plane of 
the Milky Way, yet I am now convinced by a long inspection 
and continued examination of it that the Milky Way itself 
consists of stars very diflferently scattered from those which 
are immediately about us.' • • . • < On a very slight ex- 
amination it will appear that this immense starry aggrega-* 
tion is by no means uniform. The stars of which it is 
composed are very unequally scattered, and show evident 
marks of clustering together into many separate allotments.' 
. • • . ' The milky appearances deserve the name of cluster- 
ing collections, as they are certainly much brighter about 
the middle and fainter near their imdefined borders. For in 
my sweeps of the heavens it has been fully ascertained that 
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the brightness of the Milky Way arises only from stars ; and 
that their compression increases in proportion to the bright- 
ness of the Milky Way.' .... 'We may indeed partly 
ascribe the increase both of brightness and compression,' 
in these clustering regions, 'to a greater depth of the 
space which contains these stars ; but this will equally tend 
to show their clustering condition ; for, since the increase 
of brightness is gradual, the space containing the clusters in 
stars must tend to a spherical form if the gradual increase 
of brightness is to be explained by the situation of the 
stars.' 

It was in this paper that Herschel first put forward the 
hypothesis that many nebulae are formed of some substance 
possessing * the quality of a self-luminous milky luminosity,' 
and ' possibly at no great distance from us.' But the require- 
ments of space render it advisable that I should leave un- 
touched the whole of those considerations which Herschel 
adduced, in this paper and elsewhere, in favour of his nebular 
hypothesis. 

That portion of Herschel's observing career which we 
have now reached may fairly be regarded as including the 
most important of his researches into the constitution of the 
heavens. His mental powers were now at their prime. He 
had acquired great experience. His circumstances were such 
that he could give his whole attention to scientific work. 
Moreover, he had seen the importance of being solely guided 
by known facts, since the theory which he had adopted 
more than a quarter of a century before (and almost in the 
beginning of his observations on the stars) had had to be 
abandoned. 

Nine years of earnest labour passed before he again spoke 
at any length on the subject of the star-depths. It will be 
admitted that we should attach especial value to the an- 
nouncements he then made. Yet the striking words with 
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which be prefiskces the paper of 1811 seem almost to have 
escaped notice : — * I must freely confess,' he says, ' that 
by continuing my sweeps of the heavens my opinion of the 
arrangement of the stars and their magnitudes, and of some 
other particulars, has undergone a gradual change; and, 
indeed, when the novelty of the subject is considered, we 
cannot be surprised that many things formerly taken for 
granted should, on examination, prove to be different from 
what they were generally but incautiously supposed to be. 
For instance, an equal scattering of the stars may be 
admitted in certain calculations ; but when we examine the 
Milky Way, or the closely compressed clusters of stars, of 
which my catalogues have recorded so many instances, this 
supposed equality of scattering must be given up. We may 
also have surmised nebulae to be no other than clusters of 
stars disguised by their very great distance ; but a longer 
experience and a better acquaintance with the nature of 
nebulae will not allow a general admission of such a prin- 
ciple, although undoubtedly a cluster of stars may assume a 
nebulous appearance when it is too remote for us to discern 
the stars of which it is composed.' 

In the paper of 1811, however, Herschel does not (save 
in these prefatory remarks) consider the structure of the 
sidereal heavens. The paper is devoted exclusively to the 
discussion of the nebular hypothesis as to the formation of 
stars. It was not until 1814 that he endeavoured to extend 
his reasoning so as to include the subject of stellar 
grouping. ' The observations contained in this paper,' he 
says in 1814, ' are intended to display the sidereal part of 
the heavens, and also to show the intimate connection 
between the two opposite extremes, one of which is the 
immensity of the widely diffused and seemingly chaotic 
nebulous matter; and the other, the highly complicated 
and most artificially constructed globular clusters of com- 
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pressed stars/ In this paper he enters also into a discus- 
sion of ambigaous objects, — ^that is, objects ^ of such a con- 
struction or at such a distance from us, that the highest 
power of penetration which hitherto has been applied to 
them, leaves it undecided whether they belong to the class 
of nebulsB or stars.' 

But the chief interest of the paper of 1814 resides 
(in my judgment) in the remarks which Herschel makes 
respecting the clustering condition of parts of the heavens. 
He explains that his expression < forming clusters,' was 
used ^ to denote that some peculiar arrangement of stars in 
lines making different angles, directed to a certain aggrega- 
tion of a few central stars, suggested the idea that they ' 
(the former) ^ might be in a state of progressive approach 
to them ' (the latter). • This tendency of clustering seems 
chiefly to be visible in places extremely rich in stars. 
In order, therefore, to investigate the existence of a clus- 
tering power, we may expect its effects to be most visible in 
and near the Milky Way.' I invite the reader's special atten- 
tion to the circumstance that the Milky Way is here 
pointedly referred to as a stellar region distinct in its 
characteristics from the region of stars forming our constel- 
lations. In studying Herschel's papers we have to be 
continually on the watch for indications of the sort, since he 
does not always judge it necessary to make definite assertions 
of his opinions on such points. 

He then describes the irregular clusterings of stars, 
noting in particular, that ^ though they are in general very 
promiscuously scattered, they are yet sufficiently drawn 
together to show that they form separate groups,' while 
in many places a falling off in the number of stars sur- 
rounding the clusters 'indicates a tendency to future 
insulation.' ' Those which are in and very near the Milky 
Way,' he says, ' may be looked upon as so many portions of 
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the great mass drawn together by the action of a clustering 
power, of which they tend to prove the existence.' In 
describing the various orders of irregular clusters, Herschel 
is particular to notice rows and etreama, ridges and 
shdvinga, of stars, as indications of a preponderating cluster- 
ing power. 

It is most important to notice here that Herschel had not 
yet replaced the theory of 1785 by any complete new 
theory.^ He says at the close of the paper of 1814— * The 
extended views I have taken in this and my former papers 
of the various parts that enter into the construction of the 
heavens, have prepared the way for a final investigation of 
the universal arrangement of all these celestial bodies in 
space.' He was now in his seventy-sixth year, however, 
and though still in the full possession of his wonderful 
powers, the time that remained to him for investigating the 
universal arrangement of the heavens was short indeed, 
when the wideness of the subject is considered. But 
he was not even yet fully prepared to enter on the work. 
For he proceeds to mention as a reason for not doing so, 
that he is ^ still engaged in a series of observations for 
ascertaining a scale whereby the extent of the universe, 
as far as it is possible for us to penetrate into space, may be 
fathomed.' 

' The csrefiil Struve did not fail to recognise the distinction between the 
theory of 1785 and Herschel's subsequent labours. * Ou pent demandf^r/ he 
says, * pouiquoi les astronomes ont-ils maiutenu g^n^ralement I'ancien system e 
BUT la Voie Lact^, inonc^ en 1785, quoiqu'il e{Lt M entierement abaudonnS 
par Tauteur lui-ni6me comme nous I'aTons d^montre. Je crois qu'il faut en 
chercher Texplication dans deux circonstances. C'^tait un syst^me entier. 
impoeant par la hardiesse et la pr^ision g^om^trique de sa construction, et 
que Tauteur n'a\rait jamais r^voqu^ dans sa totality. Dans ses trait^s publics 
depuis 1802, on ne rencontre que des rues partielles, mais qui suffisent, 
en les comparant entre elies, k comprendre Tide^ linale du grand astzonome.' 
I should, point out, however, that Struve somewhat over-estimates the 
precision of the theoiy of 1785, and that he also fails to notice the circum- 
stance that the papers of 1817 and 1818 are distinct in all respects from 
HerscheFs former work. 
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In the papers of 1817 and 1818, the last of the series, and 
written, be it remembered, when Herschel was in his seventy- 
eighth and seventy-ninth years, he describes the principle 
here referred to, and its application to estimate the pro- 
fundities of various parts of the stellar heavens. The 
principle was essentially this — that the telescopic powers 
necessary to reveal and to resolve star groups, or particular 
star orders within groups, afford an indication of the dis- 
tance at which those groups or orders lie. I conceive that 
no question can exist that the principle is unsound, and that 
Herschel would himself have abandoned it, had he tested it 
earlier in his observing career, and when, not his mental 
power, but his mental elasticity, was greater than at the 
advanced age which he had now reached. I have not here 
space to enter into all the objections which present them- 
selves against it. Presently, in considering Sir John 
Herschel's theoretical views, I shall have to adduce a con- 
clusive instance of the unsoundness of the principle. Let 
it here suffice to remark, that repeatedly in applying it. Sir 
W. Herschel found regions of the heavens very limited 
in extent, where the brighter stars (clustered like the 
fainter) were easily resolved with low powers, but where his 
largest telescopes could not resolve the faintest. These 
regions, if the principle were true, must be long spike- 
shaped star groups, whose length is directed exactly towards 
the astronomer on earth, — an utterly incredible arrange- 
ment, even if we could believe in the dynamical possibility 
of such grouping. 

Herschel did not live to carry out that final investigation 
of the universal arrangement of all the celestial bodies 
in space which he had looked forward to in 1814. In 1820 
he read, as first President of the Astronomical Society, a 
paper on the double stars, and soon after his health broke 
down, insomuch that, though he lived till 1824, he was 
incapable of great or prolonged mental exertion. 
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Sir John Herschers labours among stars and nebulse were 
directed almost wholly to the completion of the survey of 
the heavens. I do not know that there is a single passage 
in his works in which he touches on the subject of the con- 
stitution of the heavens otherwise than as it were inci- 
dentally. He nowhere definitely enunciates a theory of the 
universe. 

Two circumstances, however, in Sir John Herschers work 
require to be attended to. 

The first relates to the distribution of the brighter orders 
of stars over the heavens. In his < Outlines of Astronomy,' 
he says that the stars of these orders, including those down 
to, and those somewhat below, the range of the naked 
eye, increase largely in number as the Milky Way is 
approached. In his ^Observations at the South Cape,' 
he asserts the reverse* ^ On a general view it appears,' he 
says, Hhat the tendency to greater firequency, or the 
increase of density in respect of statistical distribution in 
approaching the Milky Way, is quite imperceptible among 
stars of a higher magnitude than the 8th, and except on 
the very verge of the Milky Way itself, stars of the 8th 
magnitude can hardly be said to participate in the general 
law of increase. For the 9th and lOth the increase, though 
unequivocally indicated over a zone extending at least 30^ 
on either side of the Milky Way, is by no means striking. It 
is with the llth magnitude that it first becomes conspicuous, 
though still of small amount when compared with that which 
prevails among the mass of stars of magnitudes inferior to 
the llth, which constitute 16-17ths of the totality of stars 
within 30° on either side of the galactic circle.' He then 
adds as a conclusion, < following inevitably from this ' (and 
this conclusion is to be carefully noted, since, if just, it is of 
the utmost importance), 5 that the laiger stars are really 
nearer to us taken an masae^ and mthout denying individual 
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exceptions, than the smaller ones. Were this not the case, 
were there really among the infinite multitude of stars con- 
stituting the remoter portions of the galaxy numerous 
individuals of extravagant size and brightness, as compared 
with the generality of those around them, so as to overcome 
the effect of distance and appear to us as large stars, the 
probability of their occurrence in any given region would 
increase with the total apparent density of stars in that 
region, and would result in a preponderance of considerable 
stars in the Milky Way, beyond what the heavens really 
present, over its whole circumference.' 

The discrepancy between the statements in the *• Out- 
lines ' and in the ' Observations ' is so complete that I ven- 
tured to communicate with Sir John Herschel respecting it, 
though I was not without a tolerably definite idea as to its 
origin. He replied as follows : — * I thank you for calling 
attention to that section in my ** Outlines." Undoubtedly 
there ie a discordance of statements which requires cor- 
rection. But the appeal there ' (that is, in the ^ Outlines ' ) 
Ms rather to a vague naked-eye impression than to the 
statistical result of actual enumeration ; and assuredly on a 
cursory view of the heavens on a clear night, stars down to 
the 7th and 8th magnitude do affect the eye, though we 
cannot fix them by reason of that strange law which curtails 
a star directly looked at of a very large aliquot part of its 
photometric effectiveness.' It will be seen that Sir John 
Herschel here maintains at once the reality of the aggr^;a- 
tion of the brighter stars on the visible Milky Way, and the 
justice of the statistics which related to the Milky Way re- 
garded as a zone. This is undoubtedly the true explanation 
of the matter, as my equal-stuiace chartings have since 
abimdantly demonstrated. The brighter orders of stars, 
down to the llth, do unquestionably crowd upon the real 
Milky Way,— that altogether irregular region of star-streams 
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and star-clusterings which has been aptly compared to a band 
of broken drrua clouds ; but if we lose sight of these irre- 
gularities, if we conceive of the Milky Way as of a uniform 
zone, and take the average distribution of the brighter stars 
over that zone, we no longer find that exceptional degree of 
richness, for the gaps and IcwiincB of the Milky Way are 
as poverty-stricken, notwithstanding their position in that 
imagined zone of richness, as the brighter parts are rich in 
respect of these higher orders of stars. But this explanation 
shows that the conclusion based by Sir John Herschel on the 
zone-statistics should be not merely abandoned but replaced 
by its converse. Let the reader carefully re-study it in the 
light of the above considerations, and he will see at once that 
this is the case. 

The second point to which I would invite attention in Sir 
John Herschel's work is his discussion of the phenomena 
presented by the two Magellanic clouds. His reasoning 
cannot be too carefiilly considered. It runs thus : — * Taking 
the apparent semi-diameter of the Nubecula Major as three 
degrees, and regarding its solid form as, roughly speaking, 
spherical, its nearest and most remote parts differ in their 
distance firom us by little more than a tenth part of our dis- 
tance from its centre. The brightness of objects situated in 
its nearest portions, therefore, cannot be ranch exaggerated, 
nor that of its remoter much enfeebled, by their difference of 
distance ; yet within this globular space we have collected 
upwards of 600 stars of the 7th, 8th, 9th, and 10th magni- 
tudes, nearly 300 nebulae, and globular and other clusters of 
aU degrees of resolvoMUty, and smaller scattered stars 
innumerable of every inferior magnitude, from the 10th 
to such as by their multitude and minuteness constitute 
irresolvable nebulosity, extending over tracts of many square 
degrees. Were there but one such object, it might be 
maintained without utter improbability that its apparent 

o 2 
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Bphericity is only an effect of foreshortening, and that in 
reality a much greater proportional difference of distance 
between its nearer and more remote parts exists. But such 
an adjustment, improbable enough in one case, must be 
rejected as too much so for fair argument in two cases. It 
must therefore be taJoen as a demonstrated fact^ that stars 
of the 7th and Sth magnitude and irresolvable nebuUe may 
co-exist within limits of distance^not d'iffering more inpro^ 
portion than as nine to ten.* 

I pass to the work of the elder Struve, but shall only deal 
with that portion which relates to th^ distribution of the 
stars* 

Having found reason to believe that stars of the brighter 
orders are more crowded on the Milky Way zone than else- 
where, Struve tested the matter by /comparing the numbers 
of stars in different hours of right ascension in Weisse's 
^ Catalogue ' of 31,085 stars, down to the 9th magnitude, in- 
cluded between 15** north and 15° south of the equator. After 
estimating the numbers of stars which might be supposed to 
have escaped recognition in the different 'hours,* and so 
raising the total number of stars to 52,199 (of which 21,114 
were hypothetical), he found a marked excess of richness in 
the Milky Way ' hours.* Thus, taking the foxir hours, 5, 6, 
7, and 8 (crossed centrally by the Milky Way near Orion), 
and the four hours, 17, 18, 19, and 20 (crossed centrally by 
the Milky Way near Aquila), he found an average of 3,031 
stars for each hour ; while the average for the remaining 
sixteen hours was but 1,747 stars. , 

So far Struve's procedure was legitimate enough. But he i 

now extended his reasoning somewhat too daringly. For he ' 

first regarded all the stars in each hour division as gathered | 

on the equator, though the divisions extended thirty degrees I 

in declination, and having thus a fine equatorial ring of ' 

52,199 stars unequally rich in different parts, he conceived 
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this ring converted into a jBat disc by a radial spreading of the 
stars towards the several parts of the ring, this spreading being 
uniform between the distances corresponding (according to 
Struve's estimate) to the position of stars of magnitudes 1 to 
6) of 7th magnitude, of 8th, and lastly of 9th magnitude. 
It seems impossible to attach the slightest weight to the 
evidence afforded by the resulting disc, since the construction 
of the disc is based on suppositions (as. to the uniform 
scattering of stars radially towards the equator) which are 
directly contrary to Struve's own discovery of a want of 
uniformity circularly round the equator. 

Struve deduced from this imperfect method of reasoning, 
combined with the study of Sir W. Herschel's star-gauges 
and a theory on the extinction of light, the conclusion that 
the Milky Way is unfathomable in its own level. He con- 
sidered this view to be in accordance with the results obtained 
by Sir W. Herschel in his papers of 1817 and 1818. 
Herschel did not, however, find the Milky Way unfathomable 
all round the central line of the zone, but only in certain 
definite directions — ^towards the heart, in fact, of certain 
clustering aggregations. Struve misunderstood Herschel's 
remark that ^ when his gauges would no longer resolve the 
Milky Way into stars, it was not because its nature is ambi- 
guous, but because it is fEithomless,' for he thus renders 
Herschel's words into French, ^ nous pouvons faire la* con- 
clusion que ai nos jaugea cessent de r^sondre la Voi Lact^ 
en £toiles, ce n'est point paree que la nature en est douteuse^ 
mais parce qu'elle est insondable.' Doubtless he read 
Herschel's * when * as equivalent to the German * wenn.? * 

As Sir John Herschel has remarked, disposing thereby at 
once of Struve's infinite extension theory and of his reason - 

• 

' Thus is explained what Sir John Herschel and Professor Nichol clearly 
found perplexing, Tic., StmTe's conviction that the elder Herschel's results 
confirmed his own remarkable theory. 
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ing respecting the extinction of light, 'We are not at 
liberty to argue that at one part of the galaxy's circum- 
ference our view is limited as by a sort of cosmical veil, 
which extinguishes the smaller magnitudes, cuts off the 
nebulous light of distant masses, and closes our view in 
impenetrable darkness ; while at another we are compelled, 
by the clearest evidence telescopes can afford, to believe that 
star-strewn vistas lie opeuj exhausting their powers and 
stretching out beyond their utmost reach, as is proved by 
that very phenomenon which the existence of such a veil 
would render impossible, viz., infinite increase of number 
and diminution of magnitude, terminating in complete 
irresolvable nebulosity.' This reasoning is complete against 
Struve's inferences as based on Struve's assumptions. It is 
not, however, the less certain that irresolvable nebulosity 
does Tiot necessarily imply that the objects producing it 
* stretch out beyond the utmost reach of the telescope,' as 
is proved by the irresolvable nebulosity discovered by Sir 
John Herschel himself within the bounds of the Magellanic 
Clouds. 

I shall treat very briefly of the results to which I have 
been led by my own researches into the subject of the con- 
stitution of the heavens, because they have been fully pre- 
sented elsewhere.* 

The purposes I have had in view throughout my inquiries 
have been two — First, to proceed, in perfect independence of 
all preconceived theories, to inquire how the stars and 
nebulse are spread in space, how they differ in magnitude or 
constitution, and what laws govern their changes and move- 
ments, instead of adopting any assumptions on these points 
as bases for reasoning ; and secondly, to endeavour in every 

' I may point out that the researches themselres, as originally submitted 
to the Boyal Astronomical Society, are contained in my ' Essays on Astro* 
nomy/ 
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case to render palpable to the eye the relations which have 
hitherto been presented only in elaborate catalogues or in 
tables of statistics. It 'is to subserve the latter purpose, 
which is obviously associated most intimately with the former, 
that I have adopted the method of equal-surface charting. 
In dealing with the proper motions of the stars I have 
drawn from each star an arrow whose length and direction 
indicate the rate and direction of the star's proper motion. 
I venture to believe that by these and other contrivances I 
have been enabled to exhibit the above-mentioned relations 
altogether more intelligibly than has hitherto been the case, 
and that laws hitherto unrecognised have thus been brought 
to light. 

In the first place, I have been able to show that the stars, 
down even to the sixth magnitude only, are markedly 
crowded upon the Milky Way, and that, moreover, there are 
two rich stellar regions (as respects these lucid stars), nearly 
opposite each other, one covering the constellations Cepheus, 
Cygnus, Cassiopeia, and Draco, the other occupying the space 
included between the keel of Argo, Crux, and the Greater 
Dog. The following table (shortened from one in my 
'Essays') indicates the numerical relations involved, the 
numbers in the second column representing the total number 
which would be visible if the whole heavens were as richly 
spread as the several regions indicated in the first 
colunm : — 

Bichness. 

Northern Milky Way 9,940 

„ rich region 9,050 

„ poor region (equally large) . . 2,567 

Gaps in Milky Way 1,240 

Southern poor region 2,361 

„ rich region (equally large) • • 13,126 
„ Milky Way 13,596 
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It will be observed that the richness of the whole Milky 
Way would be represented by 11,768, exceeding more than 
nvne tvmes the number representing the distribution of stars 
over the gaps and lacunse of the Milky Way. 

By extending the process of charting to include all the 
324,198 stars in Argelander's series of forty charts, even 
more decisive evidence is obtained of the absolute inter- 
mixture in space — i.6., within certain definite clustering 
aggregations — of stars of the brighter orders and the 
telescopic stars studied by the Herschels. For in the very 
regions where the Herschelian gauges showed the minutest 
telescopic stars to be most crowded, my chart of 324,198 
stars shows the stars of the higher orders (down only to the 
11th magnitude) to be so crowded that by their mere aggre- 
gation within the mass they show the Milky Way with all 
its streams and clusterings. This evidence, I venture to 
affirm, is altogether decisive as to the main question, 
whether large and small stars are really intermixed in many 
regions of space, or whether the small stars are excessively 
remote. It is utterly impossible that excessively remote 
stars could seem to be clustered exactly where relatively 
near stars are richly spread. This might happen, no doubt, 
in a single instance, but that it could be repeated over and 
over again, so as to account for all the complicated features 
seen in my chart of 324,198 stars, I maintain to be utterly 
incredible. (See Plates XI. and XII.) 

By applying the process of equal-surface charting to the 
nebulsB, I find that they are so arranged over the heavens 
as to leave no room for doubting their association with the 
sidereal system. Moreover, they are found to run into 
streams or branches, intimately associated with streams of 
stars. And strangely enough, as the great star-streams seen 
in Eridanus and Aquarius are prolonged so as to enclose the 
Magellanic Clouds, so the great southern nebular streams 
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extend themselves to the same' groups. The association 
of these streams of nebulsB and stars could scarcely be 
regarded as accidental ; but the fact that both sets of streams 
converge upon those very regions where stars and nebulae 
are so strangely intermingled, removes all doubt from the 
conclusion that in the nebulae (for these streams include 
all the known southern nebulae) we have not to deal with 
external galaxies, but with objects belonging to the sidereal 
system. I 

The charting of the stellar proper motions has further led 
me to the discovery of the fact that the stars in many parts 
of the heavens are travelling in systems-— or as it were 
drifting — ^through space. Thus the five stars, /9, 7, S, £, and 
^, Ursae Majoris, are found to be all moving together, as one 
grand scheme.^ In Gremini there is a much more remark- 
able instance of drift, nearly all the stars of that constellation 
(Pollux is one of the exceptions) travelling in one general 
direction. In Taurus there is also well-marked drift. These 
instances of drift suffice to afiford independent testimony in 
&vour of the existence of systems subordinate to the great 
sidereal system. 

The general conclusions to which I have been led by 
these and other methods of research, which space will not here 
permit me to particularise further, are chiefly these : — The 
sidereal system is altogether more complicated, altogether 
more varied in structure, than has hitherto been supposed. 
Within one and the same region co-exist stars of many orders 
of real magnitude, the greatest being thousands of times 

' More tlian two yean ago, speaking of this discovery, which I had then 
but recently made, I expresssed my conviction that if ever Dr. Huggins was 
enabled to determine the proper motions of these stars in the line of sight, he 
would find them to be all travelling one way, either receding or approaching. 
Quite recently he has tested the matter, and he finds that not only have these 
five stars similar speetia, unlike the spectra of a and % but that whereas a is 
approaching, and 1} receding more slowly, the five are all receding at the rate 
of twenty miles per second. 
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larger than the least. All the nebulsB hitherto discovered, 
whether gaseous or stellar, irregular, planetary, ring-formed, 
or elliptic, exist within the limits of the sidereal system. 
They all form part and parcel of that wonderful system whose 
nearer and brighter parts constitute the glories of our noc- 
turnal heavens. 

It has been supposed that the new views to which I have 
been led would, if accepted, tend to reduce our estimate of 
the scale on which the universe is constructed. This, how- 
ever, is not the case. It is true that I cannot recognise in 
the clustering regions of the Milky Way the profundities 
commonly believed in ; but I believe in profundities far 
vaster. It is true that I believe the varieties of structure 
brought into view by higher and higher telescopic powers to 
be real and not apparent ; but if I thus recognise the 
existence of stars much smaller than neighbouring orbs, it 
is because I recognise in the larger orbs suns which surpass 
our own thousands of times in volume ; while this very 
variety enhances our conceptions of the wonders of the 
sidereal system. It is true, again, that I cannot recognise 
in the star-cloudlets the external galaxies spoken of in our 
text-books of astronomy, that I recognise parts of our 
sidereal system where hitherto the common opinion has 
been that outlying universes are in question ; but I reason 
thus, because I have been led to the conclusion that our 
sidereal system is much more extensive than has hitherto 
been supposed. I do not draw the nebulse inwards to the 
star-depths, but I extend the star-depths outwards until 
they include the nebulae. According to my views, the range 
of our telescopes is neither greater nor less than has been 
hitherto supposed: if, then, I conceive that the sidereal 
system reaches to unknown depths beyond that range, it is 
not because I would reduce our estimate of the scale on 
which the sidereal system is constructed, but because I 
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would enlarge that estimate, and that not by a little but 
indefinitely. 

In concluding, I would say a few words on the wonderful 
scene presented by the star-depths. Let our thoughts pass 
from our Earth, which seems so magnificent, to the giant 
orbs of Saturn and Jupiter, which dwarf her dimensions to 
insignificance ; thence to the Sun, compared with which the 
largest of the planets seem so small. Then let us consider 
the dimensions of the solar system, compared with which 
even the dimensions of the Sun are as nothing. Next let 
us pass on in thought to the vast region of space within 
which our whole solar fieimily is travelling. Then let us 
picture the scheme of suns of which our Sim is a member ; — 
not the sidereal system, scarcely even an appreciable fraction 
of that system, but the particular £unily of suns to which 
the Sun belongs — and let us consider how the domain of 
the Sun, the region of space over which he bears sway, is in 
its turn reduced to mere nothingness by comparison with 
the scheme of suns of which our Sun is a member. Then, 
lastly, let us picture to ourselves that the scheme of stars 
to which our Sun belongs is but one of the atoms of which' 
the frame of the sidereal systems is built. 

We can speak of these things, but we cannot conceive 
them. The astronomer can spread out the figures which 
represent these wonders, but he can neither enable others to 
conceive them, nor can he conceive them himsel£ I know 
not, then, how I can more fitly draw my subject to a con- 
clusion than by quoting the wonderful dre^m in which the 
German poet, Jean Paul (nobly translated by our own prose 
poet, De Quincey), pictures the feebleness of human con- 
ceptions in the presence of the infinite wonders of the 
universe : — 

^ Crod called up from dreams a man into the vestibule of 
heaven, saying, " Come thou hither, and see the glory of my 



204 THE UNIYABSE. 

hooge." And to the angels vhich stood around His throne 
He said, *^ Take him, strip from him his robes of flesh ; 
cleanse his vision, and put a new breatii into his nostrils, 
only touch not with any change his human heart, the heart 
that weeps and trembles." It was done : and with a mighty 
angel for his guide the man stood ready for his infinite 
voyage ; and from the terraces of heaven, without sound or 
farewell, at once they wheeled away into endless space. 
Sometimes with the solemn flight of angel wings they passed 
through Zaharas of darkness, through wilderness of death, 
that divided the worlds of life ; sometimes they swept over 
frontiers that were quickening under prophetic motions 
from God. Then from a distance which is counted only in 
heaven, Ugfat dawned for a time through a shapeless film ; 
by unutterable pace the light swept to them, they by un- 
utterable pace to the light. In a moment the rushing of 
planets was upon them ; in a moment the blazing of suns 
was around them. Then came eternities of twilight, that 
revealed but were not revealed. On the right hand and on 
the left toward mighty constellations, that by self-repetitions 
and answers from afar, that by counter-positions, built up 
triumphal gates, whose architraves, whose archways, hori- 
zontal, upright, rested, rose, at altitude, by spans, that seemed 
ghostly from infinitude. "Without measure were the archi- 
traves, past number were the archways, beyond memory the 
gates. Within were stairs that scaled the eternities around ; 
above was below and below was above, to the man stripped 
of gravitating body ; depth was swallowed up in height in- 
surmountable, height was swallowed up in depth un- 
fathomable. Suddenly, as thus they rode from infinite to 
infinite, suddenly, as thus they tilted over abysmal worlds, 
a mighty cry arose that systems more mysterious, that worlds 
more billowy, other heights and other depths, were coming, 
were nearing, were at hand. 



THE CJONSTRUCTION OP THE HEAVENS. 205 

^ Then the man sighed and stopped, shuddered and wept. 
His overladen heart uttered itself in tears, and he said, 
^ Angel, I will go no farther ; for the spirit of man acheth 
with this infinity* Insufferable is the glory of G-od. Let 
me lie down in the grave, and hide me from the persecution 
of the Infinite, for end I see there is none." And from all 
the listening Estars that shone around issued a choral voice, 
<<The man speaks truly ; end there is none that ever yet 
we heard of I ** " End is there none ? " the angel Solemnly 
demanded; '<Is there indeed no end? And is this the 
sorrow that kills you ? " But no voice answered, that he 
might answer himself. Then the angel threw up his glorious 
hands to the heaven of heavens saying, ^^ End is there none 
to the universe of God. Lo ! also, there is no beginning." ' 

7rom the Quarterly Journal of Soienoe for July 1872. 
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NOTES ON STAB-GAUOINO. 

As several telescopists have expressed a wish to take part in 
the work of star-gauging, and to be informed as to the best 
way of making their work eflfective, I venture to give a few 
hints on the subject. 

In the first place, it is to be noted that the main object 
of the proposed method of observation is to obtain complete 
general surveys of the heavens with various apertures. It is 
the direct result of the researches which I have already 
made, that mere random star-gauging will not suffice to give 
just views of the structure of the sidereal system ; that, on 
the contrary, such a process is more likely to prove deceptive 
than useful. What is wanted is a survey which shall include 
the whole heavens (eventually), or at the beginning shall 
include the whole of each region surveyed, without gaps or 
interstices. But the extent of such a survey renders it 
absolutely necessary that it should be conducted in a manner 
the least elaborate that can be devised, so only that no 
essential details be neglected. To map the whole heavens 
with telescopes of considerable light-gathering power would 
require an army of observers, while only a few volunteers are 
available; moreover, such mapping, while having a high 
value in other ways, would be less instructive regarded as 
star-gauging than a survey conducted by a few observers, 
each taking a considerable area. For the different powers 
of the observers engaged would cause noteworthy differences 
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in the apparent numerical distribution of stars, and such 
apparent differences would be' confounded with the real 
varieties of distribution which it is the object of star-gauging 
to discover. 

As respects the first point, completeness, I may remark 
that I have obtained very striking evidence on that subject. 
For the winter before last, with the 4-f^inch Sheepshanks 
belonging to the Society, I surveyed the region of the 
heavens included in the parts of Tav/nis north of 15^ North 
Dec, using circular gauge-fields, touching each other in 
S.A. Now, the results of the gauging thus conducted were 
80 far interesting that they indicated in a very marked 
manner the prolongation (with increase of telescopic range) 
of that remarkable region poorly strewn with stars, which is 
shown in this part of the heavens in miy chart of 324,000 stars. 
(See Plate XII.) But on commencing the re-examination of 
this part of the heavens with the same telescope and eyepiece, 
but a field reduced to the figure of a square, I found a marked 
difference in the result as respects many details, though the 
general distribution was not very different.^ 

As respects the method to be employed, I think the 
following notes may be useful : — 

A square field is the most convenient, and the side of 
the square may conveniently correspond to 15' of a great 
circle. But this is not important — the field need not have 
any special size. An edge of the square should of course Ue 
on a parallel of decliuation. The gauging eyepiece should 
be of rather low power, but not too low, especially with 
large instruments. The most suitable power will be indi- 
cated by what I have said as to the size of the field, if the 

* I had proposed to resume the snrvey with the same telescope (using square 
fields) this yetir. But having had one of Mr. Browning's 12^-inch reflectors 
placed at my disposal by Lord Lindsay, I naturally prefer to devote my time 
to a deeper snrrey. 
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diaphragm iised to reduce the field be such as to give a 
square not much less than the inscribed square within the 
original circular field. On this point, however, little need 
be said, as in fact each observer can consider his own con- 
venience, and so long as the nature of the eyepiece and size of 
field are indicated in the gauge-book (together, of course, 
with the aperture of telescope, &c.), no difficulty will arise. 

The most important point is the way of taking and re- 
cording gauges. The work must be done in the dark, except 
when a new sweep is to be commenced. Therefore the 
observer should provide a number of squares of paper (or 
preferably card) to be strung on a cord, and mark in, in 
pencil, the number of stars counted in each field, passing each 
paper when thus marked from the set of unused papers to 
those already marked. 

When a sweep begins, the telescope (clamped of course 
in declination) is directed to the western extremity of the 
proposed sweep. The number of stars in the field is counted 
rapidly, and the telescope is moved eastwards until the 
western edge of the new field corresponds (as nearly as can 
be judged by estimation) with what had been the eastern 
edge of the former field. The process is repeated, field 
after field, until the proposed range of sweep has been com- 
pleted (so nearly as can be judged). Thus, say the width 
of each field is 20^ in R.A., and that the observer desires to 
range 15^ in R.A., he would count in this way 45 fields 
(or say two or three more to ensure the completion of the 
desired range). He must now determine the exact distance 
he has swept over, either in the regular way, when he has a 
suitable clock, or by noting the apparent difierence of R.A., 
as indicated by the R.A. circle, adding so much as corre- 
sponds to the time occupied in sweeping. The necessity for 
this process is obvious, when it is remembered that the shift 
from field to field has been made by estimation only, and 
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com only be so made, except by methods which would in- 
yolve delay and inconyenience. Thus the fields may sUghtly 
overlap, or there may be slight gaps (though no star can 
escape being counted), and the real range in S.A. may be 
several minutes less or greater than would be judged from 
the number of fields. But knowing the exact range of the 
sweep, and in the gauge maps (afterwards to be constructed) 
dividing that range into as many equal parts as there were 
fields, no error of the least importance can accrue. I'he 
numbered papers should then be removed, with a portion 
of the string, {his being tied round them, so that these 
papers may remain unchanged in order. The telescope 
must then be returned to its former position in S.A., that 
is the first field brought again into view, in doing which the 
range of R.A. can again be noted, if any doubt be felt as 
to the former determination. Then the telescope must be 
shifted in declination until a field north or south of the 
first is in view. This will, of course, be done in the usual 
way, by means of the declination-circle, since the exact size 
of the field is known. Another sweep will then be taken 
in the same way as the former. And the process may be 
repeated as long as the observer cares to remain at work. 
Care must, of course, be taken to keep the successive strings 
of gauge papers distinct. This is readily effected by simply 
marking the first paper on each string with the declination 
of the central line of the sweep. 

Erom the Monthly Notices of the Aetronondeal Society for June 1878. 
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PRINCIPLES OF STAB^QAUQINQ. 

Fbou communicationB which have reached me, I am disposed 
to believe that some misapprehensions probably exist re- 
specting the nature and objects of the processes of star- 
gauging which I have suggested as forming at present the 
best available means for determining the laws according 
to which the stellar universe is (constituted. I therefore 
add some remarks which may be of use in explaining my 
views. 

First, the great object of star-gauging with any given 
instrument is to ascertain how many stars that instmmeTU 
shows in each portion of the heavens, when the sky is clear 
and dark, and there is no twilight, moonlight, or other cause 
of variation in space-penetrating power. Great exactness in 
enumeration is by no means necessary. In fisust, the effort 
to secure great exactness, would certainly, by extending the 
time necessary for the work of survey, defeat the whole object 
of the work. What is required is a complete but rapidly 
effected survey, bearing the same relation to the actual 
charting of stars, that the reconnaissance of a land region 
bears to trigonometrical survey. 

In interpreting results, attention must be directed, y^rsf, 
to the numerical distribution indicated by each particular 
instnunent, such distribution being presented to the eye by 
the process of equal-surfieuse charting ; and, secondly, to the 
differential results indicated when a survey by any given 
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instmment is compared with a survey by another instrument 
of greater or less space-penetrating power. 

Unless both these orders of indication are considered, 
the star-gauging can afford no satisfactory information. 
This will be manifest if it be remembered that according to 
my views, — ^and I think I may say, according to the results I 
have demonstrated by equal-surface charts already constructed, 
— the great difficulty in all researches into the construction 
of the heavens consists in distinguishing the effects of star- 
distribution resulting, on the one hand, from great extension 
in the line of sight with consequent great variation in the 
apparent magnitude of stars of the same order, and on the 
other hand from the aggregation within one and the same 
region of many orders of real magnitude. These, of course^ 
are only the extreme cases, and in nearly every instance^ if 
not absolutely in every instance, both causes — varying ap- 
parent magnitude and closeness of aggregation — are effective. 
It is abaolutdy impossible m my opim/ion to distinguish 
onefromthe other^ or to ascertain in what degree one or 
other operates, except by the proposed method of star- 
gauging, which combines, be it noticed, the qualities of the 
two methods suggested by Sir W. Herschel {one in 1784, the 
other in 1817), without being liable to the causes of error 
which exist i/n either of those methods. The general primr- 
dples of interpretation, applicable not only to star-gaugvngs 
with different instruments, but to all differefniial obser^ 
vations whether relating to colour, to duplicity, triplidty, 
or grouping generally, to spectrum^ to motions whether 
thwart or in the line of sight, to peculiarities of conjigura' 
tion, to the various orders of nebuke, or so on, are simply 
these. 

(i.) Where two orders of observation indicate concordant 
laws of distribution over the heavens, the rich regions so 

p2 



212 THE UNIVEBSB. 

indicated are regions where the two orders of objects are 
iTUermi/ngled. 

(ii.) Where the resvMs are in direct contrast (or dis- 
cordant in the true sense of the word),^ the rich regions for 
one order corresponding to the poor regions for the other j 
and viee Tersa, the two orders of objects belong to one 
systerrij but some pectdiariiy vn thevr nature or in the laws 
accordi/ag to which they were formed, causes them to occupy 
different parts of the system, segregatvng as U were from 
each other. 

(iii.) Where no cormection whatever, either of agreement 
or contrast, ccm be observed, it is probable, and vn general 
preeumahUi that the two orders are altogether distinct and 
lie at different distances from each other. 

(iv.) And lastly, where partial or local agreevnenJt or 
contract is indicated, then the inference is thai the true 
arrangement of the objects in space is affected both by laws 
of aggregation or segregation, and by diversities of distance 
and by one cause or the other to a degree indicated by the 
extent of sv/^h agreement or contrast. 

* Which, however, u ordinarily lued in too vagne a way to be Boitable as 
the converse of concordant. 

From th« Monthly Notices of the Jstronomieal Society for October 1878. 
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SUMMARY AND CONCLUSION. 

It appears to me desirable to conclude my discussion of the 
relations presented by the sidereal universe — so fiur as these 
pages are concerned — by indicating briefly but distinctly the 
points in which my views differ from the views advanced 
by those who have preceded me in the discussion of this 
subject. 

I must premise that Sir John Herschel, the late Earl of 
Bosse, Whewell, and Herbert Spencer have advocated more 
or less decidedly some of the opinions which I have been led 
independently to enunciate. Begarded as a whole, however, 
my views are original, and several of the points to which I 
draw attention were first noted, I believe^ by myself. 
If not, I would desire to be corrected, so as not to present 
as new views opinions which have abready been advocated by 
others. 

In the first place, then, I lay down as a fundamental rule 
that no hypotheaia as to star-magnitudes or star-distribution 
can safely be adopted as a basis of research. In ordinary 
subjects of inquiry, it is well to have working hypotheses, 
varying perhaps as we proceed, but serving conveniently for 
the co-ordination of observations. But in researches into 
the constitution of the stellar universe, we must not adopt 
any hypotiiesis until observations sufficiently numerous 
and extensive have indicated its justice.^ 

^ It 18 ratber singular that my inqmxieB, the first 9ystematic iakqumes ever 
haeed tm ohterwUione aa they 8t4md, without assumption of any sort» should hare 
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It was owing to his fiEdlure to recognise this principle at 
the beginning of his work (though, I need hardly say, it is to 
his work that I owe the main evidence in fieivour of the 
principle) that Sir W. Herschel formed the stratum theory 
of the sidereal system, which French and English text-books 
of astronomy persist in describing as a demonstrated theory, 
though Herschel himself definitively abandoned it. It will 
be well to consider this case fully, partly because no oppor- 
tunity must be lost to indicate the mistaken nature of the 
text-book accounts of Herschel's work, and partly because of 
the intrinsic importance of the discovery which Herschel 
really eflfected. 

It is known that, in 1784, Sir W. Herschel, who then 
supposed that our sidereal system is continuous within its 
limits, and consists of stars strewn (numerically, not in re- 
spect of real magnitude) with a certain^general uniformity 
throughout the scheme, suggested his plan of star-gauging. 
It is clear that, adopting these hypotheses, a telescope large 
enough to penetrate to the limits of the system in all 
directions, could be employed to determine the shape of the 
system. For, the number of stars in any given direction, and 
within a given field, would afford a measure of the extension 
of the system in that direction. 

And manifestly, if we add to the two hypotheses just 
stated this further hypothesis — ^that the sidereal system 
has some tolerably regular figure, as spheroidal, disc-like 
(circular or oval), cloven discoid, or the like, then a con- 
siderable number of scattered gaugings would afford suffi- 

been bo misunderstood by seyeral as to be described as theoretical by oomparison 
with such inquiries as the eariier work of Sir W. Herschel, based on assump- 
tions which were not only questionable in themselyes, but were rejected even- 
tually by Herschel himself, or with such investigations as those of Stmve, 
based, as Encke long since pointed out, on assumption upon assumption! 
Those who are acquainted with the literature of the subject have, however, 
! avoided this mistake. 
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ciently accurate general evidence as to the true nature of such 
figure. 

It was &om the combination of these hypotheses and 
from a moderate number of gaugings that, in 1785, Sir W. 
Herschel derived the impression that the sidereal system is 
shaped like a cloven flat disc, having its greatest extension 
towards the Milky Way, all whose stars form part and parcel 
of the system and conform (according to the views of 1785) 
to the hypotheses adopted by Herschel. 

In 1802, Herschel definitely expressed his abandonment 
of the hypothesis of generally equable distribution, and 
necessarily with that hypothesis he gave up the cloven- 
stratum theory of the sidereal universe, and the supposition 
that the stars of the Milky Way are , distributed like those 
immediately surrounding us. The passages from the 
paper of 1802 (quoted at pp. 187-189) serve to indicate 
Herschel's change of views even to those not well acquainted 
with his earlier papers ; but the real significance of these 
passages will only be appreciated by those who have 
thoroughly mastered his whole series of papers {whichj 
judging from my own ea^erience, vnvpUea the careful 
^perusal of the whole series ai least three successive ti/mesy 
and the study of certavn portions in the same way vn^ 
which one would study some difficult mathematical pro^ 
position). 

Nine years of labour passed before Herschel again dealt 
with general considerations respecting the sidereal universe. 
The i^issage firom the paper of 1811 (quoted at p. 189) de- 
serves to be carefully studied by some who have considered 
it a sort of high treason in me to question the soundness 
of the cloven-stratum theory of the sidereal universe. 

Another hypothesis adopted by Herschel, though it was 
not eventually abandoned like those on which his star- 
gauging was based, equally illustrates how imsafe is the 
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adoption of hypotheses on inqtdries directed to the subject 
of the constitution of the universe* I refer to that method 
of gauging which he baaed on the supposed space-penetrating 
powers of his telescopes. This method was suggested in 
1817, when Herschel was in his seventy-eighth year, and 
some results of its application were discussed in 1818. It 
appears to me that, while the papers of 1817 and 1818 
afford unquestionable evidence of povowr^ they show equally 
clear traces of the failing elasticity of his wonderful mind. 
Having devised a working hypothesis, he works straight on 
with a diligence and effect worthy of his best days ; but he 
does not look around for tests as he did in the days when his 
first method of star-gauging was in use by him. Or rather 
(for, in his earlier years, he did not so much search for tests 
as recognise those which were in effect applied as he worked), 
we do not find him quick to notice, in 1817 and 1818, how 
his results negatived his hypothesis. 

I conceive that no one who considers the real significance 
of Herschel's results, in 1817 and 1818, can £Etil to admit 
that they are utterly inadmissible, and that they therefore 
show the theory on which they are based to be altogether 
untenable. Herschel had taken resolvability as a test of 
distance. But he found regions which, while partially 
resolvable with his lowest powers, where not wholly resolvable 
with his highest. These limited regions of the heavens 
indicated, according to his hypothesis, long stellar projections 
turned directly towards the Sun, appreciably cylindrical but 
really conical, with the Sun at their vertex — a monstrous 
supposition^ and one such oa Sir W. Herschel had re- 
peatedly rejected in his earlier years. It was by reasoning 
justly on precisely such results that Sir John Herschel was 
led to regard the Magellanic Clouds as roughly spherical. 
Sir W. Herschel had arrived, as we have seen, at a precisely 
similar conclusion respecting the figure of the clustering 
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aggregations of the Milky Way. Yet it was to some of these 
very aggregations that he now applied the new gauging test, 
with results thus irreconcilable with those he had before ob- 
tained. It was by applying this new method that he arrived at 
the conclusions, on which Struve afterwards sostrongly insisted, 
that parts of the sidereal system are absolutely unfekthomable. 
Yet his former and sound principle of interpretation, and the 
principle which Sir John Herschel, Whewell, and Herbert 
Spencer applied to the Magellanic Clouds, show that where (in 
extreme old age) Herschel thought he waapeTietrating to the 
eactreiTie Imdts of the sidereal eyetem, he was m reality only 
analyavng more and more eearchvagVy an aggregalion m 
which many orders of etare were mioced up. What he 
failed to do wasj not {as he supposed) to sound the galaacyy 
but to recognise as separate stars the minutest orders of orbs 
ind/uded within such aggregations. 

Struve, strangely enough, supposed that he had made 
either no assumptions which could fairly be regarded as such, 
or else none but the safest assumptions. Forbes and Encke 
more justly weighed Struve's researches. His assumptions, 
indeed, were the most daring which perhaps have ever been 
applied to the subject we are upon. Encke enumerates five 
assumptions, all of them questionable. I shall note only two, 
both occurring in the process by which he constructed the 
fiBonous Section of the sidereal system, about which some 
writers have written in terms which would be exaggerated if 
applied to the labours of the elder or the younger Herschel.^ 
Having counted (or rather obtained directly from Weisse's 
numbered catalogue) the numbers of stars, down to the ninth 
magnitude, in the different hours of an equatorial zone thirty 
degrees wide (from + 15^ to ^ 15^), he first assumes that 

* I wish it to be carefully noted that, thzoughont my inquiries into the 
constitution of the heayens, I have not said one word which has indicated 
other than a justly high estimate of the yalue of the Herschels* labour*^ 
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the distribution there indicated may be regarded as true /or 
the equator itself; and then, secondly, he assumes that the 
stars towards each hour of the equator may be distributed 
over the sector formed by radial lines from the Sun to the 
extremities of the hour-arc, according to certain assumptions 
as to the relative distances of the various orders of star- 
magnitude. The combination of the twenty-four sectors 
constructed on these assumptions (which are not only not 
supported by evidence, but strongly opposed by all the 
evidence thus far obtained), forms Struve's equatorial star- 
disc. On this insecure evidence, and on a singular mistake as 
to the meaning of an expression employed by the elder 
Herschel,^ Struve based his famous hypothesis of the extinc- 
tion of light, his analysis of the proper motion of the Sun in 
magnitude, and other results equally interesting, and, in my 
judgment, equally imreliable.* 

Sir John Herschel, so far as his own inquiries, as distin- 
guished from those which he carried out in pursuance of his 
father's plans, were concerned, carefully avoided the adoption 
of any hypothesis, basing his opinions on observed fects solely. 
I must note, however, that he does not show the same 
acquaintance with his father's series of papers as Struve 
appears to have obtained. I think this is not altogether 
to be wondered at. Sir John Herschel took too large a part 
in original astronomical investigations to have leisure for that 

* Herachel wrote that * tohen he could not resolye the Milky Way it was 
because it is unfathomable/ meaning clearly that certain parts of the MiUgr 
Way lay beyond the power of his strongest telescopes. Struve, probably, in 
making extracts in German, wrote 'wenn' for 'when;* at any rate, in the 
French of his ' Etudes Astronomie Stellaire,' we find the word ' si ' for the 
English ' when/ and the whole meaning of the sentence is changed. 

' I write this with some confidence. Sir J. Herschel has shown the weak- 
ness of the reasoning on which Struve based the theory of the extinction of 
light. As to the rate of the Sun*s proper motion, I showed long ago the proba- 
bility that this rate exceeds that assigned to it by Struve ,* and Dr. Huggins*8 
recent researches into stellar motions of recess and approach may be r^gaxded 
as conclusive on the sulgect. 
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thorough investigation and analysis of his father's series of 
papers by which alone their real bearing can be ascertained. 
Be this as it may, the fact is patent that Sir W. Herschel 
abandoned the method of gauging which he had adopted in 
1784, and that Sir John Herschel applied this method to the 
southern heavens. It is not wonderful that he obtained a 
result not according with that which his father had obtained 
in 1785, for it is the property of erroneous methods to lead to 
incongruous results. It was thus that the ^ cloven flat-ring ' 
theory was adopted by Sir John Herschel in preference to the 
'cloven fiat^sc * theory. 

But Sir J. Herschel's discussion of the peculiarities which 
he had recognised in the distribution of stars, his analysis of 
the features of the Milky Way, and his treatment of the 
evidence derived from the Magellanic Clouds, are characterised 
by sound and clear-sighted reasoning. We owe to him, in 
fact, the initiation of those processes and methods of inquiry 
which have more recently been applied. 

Passing to my own treatment of the subject, I remark, 
first, that it has seemed to me very necessary to substitute fox 
statistical research, at least in the beginning of inquiries into 
the laws of stellar distribution, some process not requiring 
preliminary hypotheses. I can conceive no general statistical 
process absolutely free from hypothetical considerations. 
Statistics can be satisSeictorily applied to inquiries suggested 
by other and less deceptive processes ; but at the beginning 
we cannot cauTvtj except in accordance with some pre-arranged 
plan, and such plan must necessarily be based on hypothesis. 
We see this in Struve's researches. He counted the number 
of stars in given hours of right ascension ; but the result was 
meaningless, except on the assumption that the distribution 
of stars over a given hour, and between declination circles 
4-15® and — 15% possessed a certain significance. We see, 
in &ct, that he regarded the richness of distribution around 
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the equator itself as indicated by the richness of star-distri- 
bution over areas thirty degrees in declination by fifteen de- 
grees in right ascension ; and unless that assumption, or 
some like assumption, were made, the mere numbers he 
obtained could not, so far as I can see, have any significance 
at all. 

But then there is the risk in such a case that, in giving 
significance to statistical results by means of some hypothesis, 
we may be misled — the result only becoming significant by 
being made erroneous. 

Charting, so long as it is isographic, seems open to no 
such objection. We plot down stars, or nebuke, or variables, 
or red stars, or double stars, as the case may be, and accept 
the result, whatever it may be^-certain at any rate that we 
shall not be taught anything erroneous, tiiough the charting 
may not lead to any result of implbrtance. Whatever there 
is to learn, we shall probably learn from a well-constructed 
chart ; and we may learn much more than had been hoped 
when the chart was commenced, or else — and this has 
repeatedly been my own experience — a chart, while, not in 
itself teaching any noteworthy lesson, will suggest either 
statistical research or some new process of charting by which 
important new knowledge may be obtained. 

From my equal-surface charts of the brighter orders of 
stars, I infer — I think I may even say I have demonstrated 
— that there is a much greater range of difference in real 
star-magnitudes than had been supposed. Unless the laws 
of probability are to be abandoned, those lucid stars which 
gather richly over the area of the Milky Way, are really 
immersed among the clustering aggregations of smaller stars 
which produce the milky light of the galaxy. In this case 
those brighter stars must be not only much larger, but 
many hundreds of tiniea larger than the fainter stars of the 
galaxy. 
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We have here the first step towards just views of the 
constitution of the Milky Way, or rather the next step 
beyond the great, but little noticed, discovery of Sir W. 
Herschel's, that the bright clouds of the Milky Way are 
for the most part spherical clusters of stars. The excess in 
the number of lucid stars in the Milky Way proves that 
the stars of our constellations are among the leading orbs 
of the spherical aggregations. Plates L, 11., and VI. serve 
to exhibit other peculiarities illustrated by the mapping 
of stars visible to the naked eye. Little is required by 
way of explanation of these charts, which are, as all such 
charts should be, self-explanatory. It is only necessary 
to mention that Plate II. exhibits the whole heavens on 
Flamsteed's projection (which is an equal-surface one) ; snd 
although in parts the distortion is monstrous, yet as the 
distribution is. always truly represented, the great purpose 
of star-mapping, so far as concerns our subject, is fiilly 
served. However, it would be a useful exercise to those 
having sufficient leisure, to make other similar charts on 
the same projection, but taking other meridians for the 
central line. Charts on the same projection, but on a 
larger scale, and including the nebul®, as in Plate VIIL, 
would also be highly instructive. I can, however, only 
indicate at present the desirability of such charts, my time 
being too fully occupied with other matters to enable me to 
carry out all the mapping processes which I should like to 
see applied. Before long, should I not be anticipated, while 
carrying out the processes of star-gauging which I have 
already commenced, I shall probably also obtain oppor- 
tunities for constructing a complete series of charts illus- 
trative of the laws of stellar and nebular distribution ; but 
for the present those already drawn may be regarded as 
sufficient. Indeed it is not to be expected that others 
applied to the same objects, would reveal new relations of 



222 THE UN^IYEBSE. 

importance, though strengthening and elucidating the evi- 
dence given by those abeady drawn. 

Charts including stars down to the seventh and eighth 
orders, yet remain to be constructed. I am not acquainted 
with any suitable materials. For the purpose of true star- 
gauging it is essential that the same uniform scale of star- 
magnitudes should be used ; and as yet no complete catalogue 
or series of charts in which the stars of the seventh and 
eighth magnitudes have been estimated according to a 
uniform scale, are accessible, or at least known to me. I 
may remark, indeed, that charts alone would serve my 
purpose, since the labour of constructing equal-sur&oe 
maps from complete catalogues including stars down to the 
eighth magnitude, would be enormous, and though the 
results would be interesting, they would probably scarcely 
repay the labour. 

The existence of Argelander's series of charts of stars 
visible in the northern heavens with a telescope 2} inches 
in aperture, alone rendered my next step — the construction 
of an equal-surface chart containing all such stars — a feasible, 
though not altogether an easy one. I must remark, that 
the charts of Argelander's series cannot be regarded as quite 
exactly representing the distribution of stars over the whole 
of the northern heavens. Anyone who will test them 
systematically with the telescope, will soon recognise the 
fact that many stars well within the range of a telescope 
2} inches in aperture have been omitted. This, of course, 
was to be expected. But it is remarkable that in many 
cases stars have been noted which are certainly not ordinarily 
to be seen with Argelander's selected small telescopic power. 

Nevertheless, regarded as a whole, the series of charts 
constructed under Argelander's superintendence represents 
fairly the distribution of stars down to the eleventh 
magnitude of Sir J. Herschel's scale. The inexactnesses 
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relate to minntisB, not to the broad features which can alone 
be dealt with in the present stage of the inquiry* 

I must remark here, that although in my equal-surface 
chart including Argelander's series, I have marked down 
all the stars, as nearly as the eye could judge, in their true 
place within the spaces (one degree each way in B. A. and 
Decl.) to which they severally belong, I have by no means 
done this with the intention of constructing a chart which 
could be used for reference to individual stars. In point of 
fieu^t, I wanted only to ascertain the general distribution of 
the stars, and my purpose would have been equally, or nearly, 
as well fulfilled, if in each space I had marked down at 
rcmdom the proper number of stars. But, strange though 
it may seem at a first view, it was easier for me to make 
an exact transcript for each space than merely to jot down 
so many stars. The reason is, that by copying from each 
space, I had at once a means of distinguishing one space 
from another in my chart as compared with the original. 
Nothing could have been more baffling than the attempt 
to preserve merely the numerical distribution, and of 
course the result was somewhat more accurate, even as 
r^;ards the indication of laws of aggregation. 

The significance of the results obtained by this second 
step — that is, the step from stars visible to the naked eye, 
to stars visible with 2} inches of aperture — can only be ap- 
preciated by those who have carefully followed, and thoroughly 
mastered, the reasoning of the elder and younger Herschel, 
and of the elder Struve. I assert, without the slightest fear 
of contradiction by any possessing such knowledge, that the 
broad teaching of the equal-surface chart of 324,000 stars 
disposes finally of all theories of the constitution of the 
sidereal universe which had previously been enunciated. The 
chart does not definitively indicate a new theory — rather it 
suggests the idea that the constitution of the sidereal 
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universe is too complex to be at present ascertained. But 
it completely negatives (i.) the stratum theoiy (even in the 
modified form apparently retained by Sir W, Herschel); 
(ii.) the flat-ring theory of Sir John Herschel; and(iii.) the 
infinitely extended stratum theory, with condensation towards 
the mean plane, which Struve adopted. 

The force of the evidence derived firom the chart consists 
in the position which the gauging power of Argelander (for 
it is to his gauging power, not to the refinements of his 
star-charting, that I alone appeal) bears to naked eye 
vision on the one hand, and to the powers used by the 
elder Herschel on the other. Powers intermediate to 
Argelander's and Herschel's may give important evidence, 
and doubtless will, when applied in accordance with the 
plan I have elsewhere suggested ; but such evidence cannot 
have the value which resides in Argelander's work. A much 
lower telescopic power than Argelander's would bring the 
range too near that of ordinary vision ; a much higher power 
would bring the range too near that of the Herschelian 
gauging telescopes. It is the intermediate character of 
Argelander's telescopic survey which constitutes its real 
value. 

This I propose briefly to indicate. 

The eye shows the great Milky Way stream, with its 
irregularities, branching extensions, nodules, and other pe- 
culiarities. The eye also indicates (in combination with 
suitable processes of charting and enumeration) the gather- 
ing of lucid stars on the Milky Way. Such is the evidence 
at one extremity of the scale. At the other we have the 
result of the Herschelian star-gauges, and especially of 
those gauges, not tabulated, which both the Herschels 
applied to rich galactic regions; and we learn from 

• 

it, according to the words I have already quoted, that in 
Herschel's sweeps of the heavens 4t has been folly ascertained 
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that the brightness of the Milky Way arises only from stars, 
and that their compression increases according to the bright- 
ness of the Milky Way:' This relates, as we know, to th^ 
stars brought into view by his great telescopes*. Nothing, 
then, can be more interesting and important in connexion 
with the subject of the sidereal universe than the question 
whether the naked-eye brightness, and the gathering of 
naked-eye stars on the one hand, and the great richness of 
stars of the faintest orders reached by our telescopes on the 
other, are accompanied by an exceptional richness of stars 
brought into view by an intermediate power, &r enough 
removed from naked-eye vision on the one hand to give 
those large numbers which raise probabilities into certainties, 
and fistr enough removed from Herschel's space-penetrating 
power on the other hand to ensure a real selection of larger 
stars from among the practically infinite numbers of minute^ 
stars revealed to his scrutiny. This would in any case be 
important, as Struve long since demonstrated, and as Her- 
schel himself clearly recognised, as affording general evi- 
dence of the laws of stellar condensation ; but the comparison 
assumes a far greater importance when we remember what 
Herschel demonstrated as to the generally insulated nature 
of those aggregations which lie along the Milky Way 
streams. Let the meaning of his result be rightly appre- 
ciated ; let it be clearly remembered that he had m effect 
proved tite Milky Way to consist in the main of real clouds 
of stars arranged in rhal streams vn space, and we see at 
once that to prove that these clomb are richer, both in 
minute stars and in relatively bright staro^ than surrounding 
regions, is to prove the existence within each of them of 
widely different orders of real star magnitude. When we 
add the consideration that the Herschels, with their most 
powerful telescopes, were in some cases unable to resolve 
the richer regions of the Milky Way, we begin to recognise 

Q 
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somethingf of the complexity and variety of structure 
existing where uniformity of structure and variety of distance 
had been imagined. 

It is obvious that what has thus been recognised re* 
specting the system of stars is in perfect accordance with 
what has been ascertained respecting the distribution and 
nature of the nebulae. So long as we assumed the stellar 
system to be of a tolerably uniform nature throughout its 
extent, there was some difficulty in admitting as probable 
the existence within that system of structures so distinct 
as the nebulae, whether resolvable, irresolvable, or gaseous. 
Even the evidence afforded by the Magellanic Clouds as to 
tlie nature of all the orders of nebulae, convincing though 
that evidence really is, did not impress the truth on the 
minds of those who yet could point to no flaw in the reason- 
ing. The relations indicated by my equal-sur&ce charts 
of the nebulae, though equally satisfactory as evidence 
(besides being independent and therefore the more convinc- 
ing), were similarly inoperative ; and I think the beautiful 
and, in noiy judgment, most valuable maps by Mr. Waters 
which appear in the present volume, would not carry con- 
viction of themselves. 

But I submit that when we perceive the variety of stellar 
structure and aggregation, as well within the Milky Way as 
in extra-galactic regions, the evidence respecting nebulae is 
brought into such perfect accordance with the evidence 
respecting stars that its real significance can no longer be 
misapprehended. 

Here, moreover, the common evidence given by stars 
and nebulae (agreeing also perfectly with that given by the 
Magellanic Clouds) is strengthened by the evidence derived 
from details of structure in the Milky Way, on its borders, 
and outside of it. I cannot here do more than allude to the 
nature of this evidence. I would note, then, that the balance 
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of attractions within the Milky Way which Sir W. Herschel 
pointed out, suggests a reason as well for the paucity of 
irresolvable nebulse within its bounds, as for the number 
of irregular clusterings and ordinary clusters contained 
within it» As Sir W. Herschel pointed out, the clusters in 
and near the Milky Way may be looked upon ^ as so many 
portions of the great mass drawn together by the action of a 
clustering power of which they tend to prove the existence.' 
But this clustetring power has been interfered with and 
checked by the balance of attractions. Outside the bounds 
of the Milky Way, a clustering power uncontrolled by any 
such cause has been at work, and to its influence may be 
ascribed those closely set nebular clusters which are either 
irresolvable or can else only be resolved with very powerful 
telescopes. 

The gradual diminution in the number of clusters an we 
leave the galactic zone, and the equally gradual increase in 
the number of irresolvable nebuke, show the reality of the 
conclusion here indicated. There is an even more convincing 
though more delicate proof, in the continuous change of 
character of the nebulse from the most scattered clusters 
of the Milky Way to the absolutely irresolvable nebulsB of 
extra-galactic regions. Of course the actual constitution 
throughout the whole heavens, has in part depended on the 
distribution of star material, and not on position only. We 
see the influence of this in the charts of stars and nebulse 
in Virgo and Coma at pp. 168 and 170, and on a wider 
scale in Mr. Waters' beautiful charts, where we notice how 
as irresolvable nebulse become scarce, scattered clusters 
appear, not only on the heavens regarded as a whole, but 
in the several parts of the extra-galactic nebular systems 
and streams. 

The evidence respecting nebulse known to be gaseous 
points the same way ; but it may be desirable to wait before 

q2 
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summing up this part of the evidence until the spectroscope 
has been more widely and systematically applied to the 
nebulae. 

It is perhaps hardly necessary to insist on the evidence 
which the discussion of stellar proper motions can afford on 
questions relating to the structure of the universe. The 
general tendency of star motions, and the average magnitude 
of such motions, would supply evidence of extreme impor- 
tance towards the discrimination of stellar aggregations in 
particular regions of space. 

And here I must point out two mistakes which have been 
made by persons who have spoken of the phenomenon which 
I have called * star-drift.' 

One mistake is the confounding of this phenomenon with 
the star-drift due to the Sun's motion in space, which drift 
was first recognised by Sir W. Herschel and has since been 
more widely recognised by several other astronomers. This 
star-drift is general, but is seen only in the average of stellar 
motions. The star-drift which I have indicated is local, 
and has a different significance altogether. Before I had 
recognised it, I suggested its probable existence. When I 
had recognised it in several regions of the heavens, as in 
Gemini, Ursa Major, and so on, I pointed out how my 
theory on the point could be tested by the spectroscope, and 
selected the drift in Ursa Major &s specially suitable for the 
purpose. I described the results which should follow if my 
theory were soimd, and as is now well known my expectations 
were confirmed to the letter. The star-drift thus demon- 
strated in Ursa Major is a phenomenon perfectly distinct 
from the star-drift due to the Sun's motion. It takes place, 
as my maps of the stellar proper motions show, in almost 
exactly the reverse direction from that due to the Sun's 
motion. Moreover the real interest of the phenomenon 
consists, not in any evidence it gives as to the general motions 
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of the sidereal universe, but in the &ct that it marks out the 
stars affected by it as forming a subordinate system separated 
from other star-regions by starless spaces of enormous extent. 
Moreover the recognition of star-drift, especially if accom- 
panied by spectroscopic evidence as to star structure, will 
probably become a potent means of ascertaining the architec- 
ture of various parts of the stellar universe. 

The other mistake resides in the supposition that at the 
present stage of the inquiry it would be desirable for me 
to examine and discuss those observations which promise 
to afford more complete information respecting the proper 
motions taking place within the star system. I can only 
deal with wide and general relations; and the charts of 
proper motions already constructed by me suffice for that 
purpose, since their construction has led to the general 
theory of star-drift which it was chiefly important to establish. 
Anyone who may have leisure for the work can now examiae 
suitable star-catalogiaes for the recognition or correction of 
estimated proper motions, with the assurance that such work 
will reap a rich reward. But for my own part the task I 
have taken in hand is of another nature, and will permit of 
no expenditure of time on details, however interestiog the 
subsidiary evidence which such details may afford. I wish 
rather to set others at work on the various parts of the wide 
subject of the constitutiiNi of the heavens than to enter myself 
on work of detaiL The structure of the star^ystem as a 
whole, or at least of the portion within our scope, is the 
subject to which I address myself and too minute a discussion 
of the subordinate details would impair rather than improve 
the general view which I desire to obtain. The proportions 
of a great etrudure ame not favourably studied by appro(xchr 
vng aa nea/r as poemhle to some particular part of iL 

Here my diacussion of the subject of the constitution of 
the stellar heavens camea to a dose bo far as these pages are 
concerned. I ti^e ihe opportunity of thanking students of 
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aBtronomy, generally, for the patience and attention with 
which my views have been received. I trust and believe 
that those who have really examined the evidence I have 
adduced, will not have thought me dogmatic in the ex- 
pression of opinions which I have based on a very thorough 
investigation of all the available evidence. I have been more 
than satisfied with the support I have already received. 
From Sir John Herschel in particular, who perhaps alone 
of all our leading astronomers, has taken special interest in 
the subject of the constitution of the heavens, I received 
encouraging expressions of opinion (which Will one day be 
published), important not only in their relation to the 
researches I communicated to him, but in their prospective 
bearing on researches which have been completed since his 
lamented demise. For the rest, it is not to be expected, and, 
in fact, it is not possible, that general attention should 
be drawn to a subject so far removed from ordinary astro- 
nomical studies, whether practical, observational, mathe^ 
matical, or theoretical. At all times in the history of As- 
tronomy, the number of those who have been attracted 
to the study of the laws of stellar distribution has been 
small, though, strictly speakings the very name Astronomy 
implies such study more specially than any other now 
recognised subject of astronomical research. But the true 
student of science is content if he^ fit audience find though 
few.' The investigation and demonstration of the truth are 
more important than the mere numerical array of supporters. 
Though, indeed, if on the one hand, as I had expected, few 
have been attracted to a subject of great difficulty, yet, on 
the other, I have had small occasion to complain of cavil or 
objection : and, if the results to which I have been led, or 
may be kd hereafter, are just, it is a matter of indifference to 
me whether they be gen^ttlly accepted at a late or early season, 
in my own lifetime or not till long afterwards. 

' From tiie MofkAfy Nbiiees cfihe Atironomical 8odi§ty iot October 1^78. '-^ 
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THE TRANSIT OF VENUS IN 1874. 

On account of the important bearing of tlie transits of Venus upon 
the problem of the Sun's distance, men .of science are looking 
anziouslj forward to the two transits which occur in the present 
century. Although the hiter of the two will not take place for 
thirteen years, its circumstances have already been examined. 
Indeed both transits were subjected to examination by the As- 
tronomer Boyal so far back as 1857 ; and since then he has con- 
tinued to put forward from time to time the oonsidemtions which 
have suggested themselyes to him «s his eatamination of the subject 
proceeded. Early in the inquity he ezpreased the opinion that the 
method founded on the observed differenoes'of the triuisit's duration, 
as seen itom opposite poixtts of the Earth- s'snrfiide-^which method 
•had been the sole one employed in the treatment of the transit of 
1769— is wholly inapplicable to the transit of 1874; and he suggested 
another method of utilising that transit,— a method less perfect in 
itself, more difficidt (astronomically) to carry out, and involving 
processes of preparation essentially different from those which 
would be required imder the other method. To the preparations 
thus called for, astronomers and geographers have hitherto, I believe, 
solely confined themtelvea. 

Having had oc^uion to examine thereasoning of the Astronomer 
Boyal, and to test the conclusions he had arrived at, I have been 
led to form a totally difi^ent opinion of the value of the transit 
of 1874, so &r as the simpler method of observation is concerned. 
I have fettnd that, if consideration be made of intemal contacts — 
the only phenomena on which estimates of the Sun's distance have 
eter .been founded—* the actual difference of duration which can be 
made available in 1874, is about 85m. or .d6m., as against an out- 
aide value of 28m. in 1882, and an actual obteirred maximum of 
difference of 28^m. in 1769, 

I amaensible that mere magnitude of observed dif^eaoe is not 
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the Kle point on vthich the value of a traoait depeoda. The rate at 
which the planet croMes the Sun's limb ia an aJmoat equally impor- 
tant subject of conaideratioD. I shall be able to show that when 
this poiDt ia dealt with in the manner most un&voniable to mf 
ease, the value of the tranut of 1874 yet remains superior to that 
of the fiunous transit of 1769 (as actually utilised), and scarcely 
inferior to the most &vourable estimate which can be formed of the 
tranait of 1882. Therefore, remembering (he importance which 
has beenalways attached to the observations madein 1769, and the 
immense advances since mode in the ooastruction of instruments 
and in obMrviDg-akill, we cannot look npon the banait of 1S74 as 
otherwise than highly valuable. 

If we briefly conaider the general nature of a tranmt, we shall 
be the better able to define the oircumstances on which the valoe of 
any particular transit depends. 

. Fio. 1. 



In fig. 1 lets represent the sUn, T Yenus, and e the Earth, the 
plane of the paper representing the plane of the ecliptic, so that the 
path of Venus- (supposed to be near one of her nodes) must be con- 
ceived OS inclined rather more than 8' to the plane of the paper. 
The arrows show the directipu in which the two planets move. 

Conceive the Sun and Yenna enveloped by two double conea, 
one, ■ t) / v', having its vertex inside, the other having its vertex 
Dutude, tho orbit of Venus. These cones haVe a common axis, 
namelyi the line joining the centres of Venua and the Sun. Now it 
is cleat* that as Venus with her more rapid niotioD sweeps round 
the Sun, the accompiniying cones muat overtake the Earth (situated 
as shown in the figure), and that as they-sweep onward, the Earth 
will pass through them. As this takes place, ^ere will occur the 
-following eight phenomena in the given order : The forward part 
of the outer cone will reach (i) the nearer, then (ii) the fiuther-side 
of the Earth's globe ; the corresponding part of the inner cone will 
-retieh (iii) the nearer, then (iv) the farther dde^ the Earth'sglobe; 



THB.TRASSIT QF VBWJ^ IS 1874. 23& 

aext, die liaokward psrt of the inner cone will reach (t) the 
nearer, and (vi) the farther side of the Earth; and. lastly, the corre- 
Cfwuding part of the outer cone will reach (Tii)lit« nearer, and (vili) 
the &rther part Qf the Efuth. And these, Beveral eventa will readily 
be aeen to correspond to the oocurr^ce of: — 

(i) Moat accelerated external contact at ingr^gg. 
(ii) ,; retarded '„' ' „ 

(iii) Host accelerated tntemvl contact » ' 
(iv) „ retarded „ „ 

(t) Moel accelerated' „ - at ^ets. 

(vi) „ retarded „ ,; 

{*ii) Most accelerated external contact 
(viii) „ retarded „ „ ' 

Fio. 2. 



In fig. 2 the actual nature of the Earj^'a peasage through the 
conea is illiutr&ted, as exactly as possible, to scale. In this figure 
"the large cinsles represent the sections o£ the cater and inner cones 
where they cross the Earth's orbit. For convetiience we consider 
these circles to be at rest, and examine only the effects of.the Eartb'a 
relative motion. B a is parallel to the ecHptic; As the EaxQi in, 
in reality, moving' from t^ght to left in a direction parallel to ilo«, 
and with a less rapid motion than that of the two large circlee, it ii 
•clear .that the ^rtb'jitelative auction, is from left to right. Also, aa 
the circles are crosaijig 4 o b &om south towards-north (for Venoa 
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is at an ascending node both in 1874 and 1883) it is clear that tbe 
Earth has a relatiye nlotion from north to south. The pairs of lines 
marked with arrows show the actual direction of the Earth's relatiye 
motion (the small circles representiBg the Earth in various parts of 
her passage). Calculation shows that this rektiye motion is such 
that a central transit would occupy nearly eight hours. The pairs 
of lines are inclined to a o b at about 9^ d^prees ; and 14 d^;rees 
to the east and west line. 

The actual path of the Earth across the circles in 1874 and 
1882 is indicated by the lower and upper sets of triple lines, 
respectiyely. 

In considering the circumstances of the transit of 1874| I 
dismiss all consideration of the phenomena marked (i), (ii), (vii), 
and (viii) in the above table. But besides the four remaining 
phenomena, I take into account the passage of the Earth's eetUre 
across the circles, because Mr. Hind's elements are. calculated only 
for these phenomena, and without considering them I should have 
been unable to test the accuracy of my own condusions by com- 
paring them with his results. 

Thus the eight phenomena ooxiesponding to &e positions of the 
earth, numbered 1 to 8 in fig. 2, ooirespond 



. (1 ) External contact for the Earth's centre at ingress. 

(2) Internal contact most accelerated at ingress. 
(8) „ -as seen from the Earth's centre. 

(4) „ taoBt raterded at ingress. 

and the four corxeqxmdiiig .phenomeiia'at sgrvn, Yiz«— - 

(5) ^Bitemal ccnlaet most aecelenited at egress. 

(6) „ as-seen 'from Earih's oentre. 

(7) „ most retarded at egress. 

(8) External contact fbr the Earih's oentre at egress. 

The treatment applied to these j^enomena has been the follow- 
ing :---TakiBg Mr. Hind's epochs for the 'external contacts at ingress 
and egress, I have thence calculated all the remaining epochs and 
the position^angles ; the exact agreement of my estimates of such 
of these elements as Mr. Hind has calculated,, with the results he 
has obtained, has suffioed to establish the correctness of the mode of 
operation. Thus has been formed the following table fbr the phases 
mentioiied above. 
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Bpoch 








Foflltion-aagle 


1, Dec 8, 13h. 46m. 


668. . . . 130O38' 


2. „ 14 8 


69 . 






. 188 66 


3, ,, 14 16 


67 . 






. 136 28 


4, „ 14 29. 


6 . 






139 26 


6, „ 17 43 


68 . 






. 168 68 


«. ,. 17 67 


6 . 






. 166 


7, „ 18 9 


4 . 






> 163 28 


8, „ 18 26 


6 . 






160 6 



The results thus obtaioed have been applied to the formation of 
Plates XV. and XVI. in the following manner : 

Rejecting phenomena 1 and 8 as no longer concerning us, the 
triple sets of phenomena 2, S, 4, and 5^ 6, 7 (see £g. 2), are alone 
considered. Properly speaking, we sliould form an orthographic 
projection of the £arth as supposed to be seen from the Sun at each 
of the six epochs corresponding to these phenomena. But no error 
of importance will be introduced if we take the epochs of the two 
central passages, 3 and 6. All that will be necessary is to re- 
member that in considering accelerated or retarded ingress, the 
earth in Plate XV. must be supposed rotated backwards or forwards, 
respectively, through the arc due to about 12 minutes' or 13 
minutes' rotation respectively, while corresponding changes must be 
supposed applied to the earth, as seen in Plate XVI. at the correspond- 
ing epochs at egress. It must be remarked further that these plates 
will be found not to correspond to the hours of Greenwich mean 
solar time which are affixed to them, but to the corresponding 
hours of apparent solar time.^ It is clear that the conditions of a 
transit have nothing to do with our horological arrangements, but 
only with the actual aspect of the Earth as supposed to be seen from 
the sun. 

Plate XV., then, represents the Earth as she would appear from 
the sun when in the positions marked 1 and 2 in fig. 2 or in any 
intermediate position. In a similar way Plate XVI. represents the 
earth as she would i^pear when in the positions 14 and 15, or 
in any intermediate position. 

The lines which lie side by side across the Earth's face in 
Plate XV. represent the actual position of the edge of the inner 
large circle, at intervals of one minute, counted with reference to 
the moment of central passage. We notice that while the large 
circle takes but about 12m. in sweeping across the north-eastern ' 



> The equation of time on December 8 is nearly 8m. additive to mean time. 
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hemiBphere, it occupies more than 13in. in sweeping across the 
south-western. This obviously agrees with the facts exhibited 
in fig. 2 ; since it is clear that the nearer the Earth approaches 
towards the middle of the line marked 1874, the slower is her rate 
of approach towards O. 

Considerations of preciselj the same sort apply to Plate XVT., 
which will be at once understood when examined with reference 

« * 

to the three positions of the Earth marked 14 and 15, in fig. 2. 

It must be here remarked that as respects all this part of the 
inquiry there is no doubt or difiiculty whatever, the calculations 
involved being of the most elementary character. But we may 
stay a moment to inquire how &r the results exhibited in Plates 
XV. and XVI. agree with those which have been obtained by the 
Astronomer Royal ; because, although there is no difficulty in the 
work thus far, a different method has been pursued by him in 
obtaining corresponding information. In obtaining those points 
of the Earth marked ^accelerated ingress,* 'retarded ingress,* 
^ accelerated egress,' and ' retarded egress ' in Plates XV. and 
XVL, the Astronomer Royal has employed the terrestrial globe 
adjusted with reference to the epochs of the passage of Venus* 
centre across the centre of the Sun, the phenomena being supposed 
to be seen from the Earth*8 centre. This would correspond to the 
passage of the centre of the small circles marked 1, 2, 3, <&c., 
in fig. 2, across a large circle midway between the two large 
circles. He has assumed the position-angles at ingress and egress 
to be equal to those really corresponding to external contact seen 
from the Earth*s centre. Neither the method nor the nssumptions 
are strictly exact (as Sir G. Airy has himself pointed out), and no 
correction has been made for the equation of time. It seems to me 
questionable whether the results are quite near enough for practical 
purposes. They lie severally about 315, 920, 760, and 230 miles 
from the positions I have obtained for the corresponding points. 
These corrections appreciably affect the question at issue. The 
following rough description of the situation of the four spots 
referred to applies, however, almost as well to the Astronomer 
Royal's results as to mine :«- 

Most accelerated ingress takes place at a spot far to the north 
of Owhybee ; most retarded ingress in a place far to the west of 
Kerguelen*s Land and Crozet Island. Most accelerated egress 
takes place near the Antarctic continent in longitude far to the 



THB TRANSIT OP VBNlfS IN- 1874, 289t 

eait of Victoria Land; .most rebuided egreA takes place in the 
north-east of European Russia. 

The actual longitudes and latitudes of these places^ I have cal 
culated to be, in order ; — 

tAtltiida Longltadd 

(1)39° 46' N. .... U8<>28'W. 

(2)44 27 a . . . . 26 27 E. 

(3)«4 47 S. . , . . 114 37 W, 

(4) 62 6 ij. . . . . 48 22 E. 

We come now to considerations which require to be closely 
attended to, as thej involve the gist of the whole matter. 

If stations (1) and (4) were identical, it is clear that an observer 
there, seeing most accelerated ingress and most retarded egress, 
would observe the absolute maximum duration of transit. So if 
the stations ^2) and (3) were identical, an observer there would see 
most retarded ingress and most accelerated egress, and so observe 
the absolute minimum duration of transit. Or even if observers at 
stations (1) and (4) could be brought into communication by means 
of the telegraph,' as also those at (2) and (3), it would be possible 
to render available the total difference of twice 25m. 6s., which 
actually marks the durations of transit in 1874 considered with 
reference to the whole Earth. This difference of 50m. 12s. would 
exceed more than twofold the observed difference in 1769. 

But under the actual circumstances what has to be done is to 
secure a station as near as possible to both the stations (1) and (4), 
and so situated that the Sun shall be fairly raised above the horizon 
at the epoch of the internal contacts both at ingress and egress ; and 
the like for stations (2) and (3). The extunination of Plates XV. 
and XVI. will show that there is a difficulty in fulfilling each set of 
conditions. The point marked ' accelerated ingress ' is far away on 
the darkened hemisphere at the moment of ' retarded egress,' and 
vice versd. The point marked retarded ingress in Plate XV. has 
moved far upwards towards the centre of the illuminated hemi- 
sphere at the epoch represented in Plate XVI., that is, &r away 
from the point marked * accelerated egress.' 

* In Pistes XV. and XVI. these points lie severally at the centre of the 
illuminated semi-circles, and the suitability of various stations for the appli- 
cation of Belisle's method, depending on the observation of these phases, can 
thus be immediately recognised. See next article. 

' Nothing but the consideration of expe&se renders thib impossible 6r even 
difficult. 



240 THE COMINa TRANSITB. 

It was the consideration of thete ciroamRtances which led the 
Astronomer Hojal to pronounce the transit of 1874 altogether 
unfit for the purpose of observing the durations of transit, as seen 
from opposite parts of the Earth*s surface. And he suggested that 
four sets of obserrers should be sent to watch each of the four 
phenomena, — accelerated and retarded ingress and egress ; and that 
by determining tlie exact longitudes of their stations, and so (with 
the aid of exact chronometers) learning the exact Greenwich time 
of each phenomenon, the transit might be rendered available 
through the comparison of the results inter se. Clearly the 
elements of difficulty and the probability of error are seriously 
increased in this method as compared with one which practically 
requires but the simple estimate of duration, and scarcely admits of 
being affected by chronometer errors. , However, let us note that 
by this method an observed difference of at the outside 2Am, 
might be obtained ; — not more, because the Sun cannot be observed 
when too close to the horizon, and because also of the difficulty of 
finding suitable stations. 

Now let us see what can be done towards the utilisation of the 
transit of 1874 by the simpler method : — 

Suppose the northernmost station taken in latitude 60^, that is, 
along the uppermost parallel in the figure. As the whole duration 
of transit is but about four hours, and day lasts about six hours in 
this latitude on December 8, we may take a place two hours on the 
lefl of the central meridian in Plate XV., knowing that the same 
place will be (at the end of transit) two hours to the right of the 
central meridian in Plate XVI. ; and at one epoch the Sun will 
be one hour risen, at the other one hour from setting. Doing this 
we find that the station (which lies in Siberia, not far from Lake 
Baikal) falls in Plate XV.) on the sixth cross-line from the 
centre, and in Plate XVI. above the tenth cross-line. In other 
words, the transit as seen from this spot exceeds the mean by 
(6 + lOi), or 16i minutes. 

Next for the southern station. Here we have a wide choice. 
If we put our observer on Petra Island (a place probably very little 
suited for astronomical observations) we get (from Plate XV.) 
ingress retarded by 8m., and (from Plate XVI.) egress accele- 
rated by 12m., or in all the duration of transit falls short of the 
mean by 20m. If we take the place marked out by the Astronomer 
Boyal for observing the transit of 1882, a place near Repulse Bay, 
in east, longitude 105*^, we get ingress retarded by 9m. and egreaa 
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accelerated by 9^ m., or in all transit ehortened by 18^ in. I£ 
we take Victoria Land, in south latitude 70° (^j), ai^d east longi* - 
tude 172°, we get ingress retarded by 6 m. and egress accelerated 
by 11-^ m., or in all transit shortened by 17-^ m. If we take 
Enderby Land, in east longitude 50°, we get ingress retarded by* 
11| m. and egress accelerated by 8^ m., or in all transit shortened 
by 20^ m. These four southern stations, combined with the 
northern station before considered, give a total difference of dura- 
tion of 36^ m., di^ m., 33^ m., and 36^ m. respectively. Also, as 
it would not be well to trust to a single northern station, it may 
be noticed that any part of the nearly circular region extending* 
firom Lake Baikal to Saghalien, and from north latitude 40° to 
north latitude 60°, might be used for observing the increased dura- 
tion without important disadvantage as compared with the station 
already considered. Also, Crozet Island, Eerguelen*s Land, and 
other parts of the Antarctic continent besides those considered, give 
abbreviated transits of considerable value. Thus for Crozet Island 
the abbreviation is no less than 17 m. ; for Kerguelen's Land, 16 m. 
Even Maoquarie Island, Royal Company Island, Hobart Town, 
and parts of New Zealand, might serve as useful subsidiary stations. 

And now to compare the value of the transit of 1874 with that 
of 1882. We see that by the method of durations we get a dif- 
ference of more than 36 m., whereas the maximimi difference is 
50^ m. The Astronomer Royal has shown that for the transit of 
1882 it is possible to take positions for observation (not by any 
means more favourable than those above considered) which give at 
the outside a difference of duration bearing to the maximum the 
proportion of 341 to 400. The maximum difference in the case of 
the transit of 1882 is only 82m. 488., in place of 50m. 12s. as 
in 1874. Reducing 32m. 488. in the proportion of 341 to 400, 
we obtain the period 27m. 57s. in place of the difference of 36^m. 
which the most favourable situations in 1874 will give. 

If we assume that the value of a transit is not to be estimated 
according to the magnitude of the observable difference, because the 
rate with which the planet crosses the Sun^s limb is diminished in 
exactly the same proportion, and the error of observation corre- 
spondingly increased, we have the relative values of the transits of 
1874 and 1882 as 

«^ito?» 

60| 82} 

or almost exactly as 6 to 7. But this extreme result, although as 

B 
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it stands it is altogether opposed to the th6or7 of the utter value- 
lessness of the transit of 1874, is obtained on an assamptioii which 
is unsupported bjr evidenoe. Mr. Stone has shown that the forma- 
tion and breaking of the black ligament connecting Venus with the 
Sun at the true moment of internal contact is an instantaneoa^ 
phenomenon in favourable weather. In unfavourable weather the 
error in the observation of this phenomenon should depend rather 
on atmospheric causes — the length of the periods of atmospheric 
disturbance, and so on — ^than on the rate of the planet's separation 
from the Sun*s limb. If this is so, the transit of 1874 is superior 
to that of 1882 in the proportion of 36| to 28, or more than 9 to 7. 
If the truth lies between these extremes, the transit of 1874 m&j 
be fairly taken to have a value bearing to that of 1882 a pro- 
portion midway between 6 T 7 and 9:7; that is, the proportion 
of 15 : 14. 

In any case no doubt can remain that the transit of 1874 is 
highly valuable, when dealt with in reference to the mode of ob- 
servation we have been considering ; and it seems clear that when 
all the difficulties and all the sources of error involved in the 
second method are duly considered, the simple method, founded 
on observed differences of duration, is to be held altogether more 
likely to give satisfactory results. I believe, therefore, that such 
preparations as geographers are already thinking of with reference 
to the choice of suitable southern stations for observing the transit 
of 1882 ought at once to be undertaken in connection with the 

tiansit of 1874.^ 

From the Quarieriy Journal of Science for July 1869. 

^ Since the above was written the subject of the coining tranBits has been 
considered by Mr. Stone, than whom no one is better qualified to pronounce 
authoritatively on the principlee which should g:uide us in utilibing those pheno- 
mena. He is of opinion that observations made when the Sun has a less ele- 
vation than lO** would be altogether useless. This principle enables me to 
considerably augment my estimate of the relatiye superiority of the tmnsit of 
1874, with reference to the simpler mode of observation. In fact, the only 
southern stations which had seemed suitable in 1882 must at once be rejected ; 
and thus we may say of that transit what had been said of the other, that the 
simpler mode ' fails totally' with respect to it. On the other nand, the value 
of the transit of 1 874 is scarcely at all affected by the application of the prin- 
ciple. 

Mr. Stone considers the superiority which I have ascribed to the simpler 
method to have a real existence, but to be so slight (the values of the two 
modes being as 6 to 5) as to be unimportant. This is just ; but the distinction 
between this riew and the imagined total failure of the method seems not the 
less to require attention. 



248 



CORRECTIONS OF THE ASTRONOMER ROYAL'S 

STATEMENTS. 

It is shown in the preceding article how the differences which exist 
between mj results and those obtained by the Astronomer Sojal, 
result from an adoption of a comparatively rough method of deal- 
ing with the problems involved. I now proceed to indicate the extent 
of these corrections, as also of those which have to be applied to 
the somewhat more exact work of the French astronomer Puiseux. 

I first give a general summary of the dumges under three 
heads : — 

1. The application ofDelisle^a method of absolute time differences. 
The relative as well as the absolute values of many stations are 
affected. Some which had hitherto appeared unsuitable are found 
to be unobjectionable. Others which seemed good appear tmfit. 
In other cases the relative values of two stations are so affected that 
the results of a comparison between them are directly reversed. 
Lastly, many stations not hitherto thought of in connexion with 
the transit are found to be well suited for the application of Delisle^s 
method. 

2. TI^e comparison between Belisle's and Halletfs methods, 
Halley's method is found not merely to be applicable with ad- 
vantage, which is all that can be,said of it when central passages are 
considered, but to be superior to Belisle's, — slightly, when reference 
is made only to such stations as had been hitherto dealt with, 
noticeably when Antarctic stations are made use of. 

3. The comparison between the Transits of 1874 and 1882 with 
reference to Halley*s method. This comparison, C9nducted according 
to the principles laid down by Mr. Stone (than whom no one is 
better entitled to pronounce authoritatively on such points) shows 
that Halley*s mode may be applied much more advantageously to 
the transit of 1874 than to that of 1882. 

b2 
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The resalts to be now brought into comparison for the Bake of 
forming an estimate of the effect of phase, parallax, and the equation 
of time, upon the values of various stations, are tiiese :— 

(1) Ally's, deriyed fh>m the consideration of central passages, as supposed to 

be seen from the earth's centre^ with the position-angles corresponding 
to external contact 

(2) Paiseaz*s, derived from the same phase, similarly seen, with the position- 

angles corresponding to central passage. 
(8) Proctor's, derived from the consideration of internal contacts, as seen from 
the stations themselves, and with the position-angles corresponding to 
the phase so seen, and correction being made for the equation of time. 

The following table exhibits the position-angles and epochs (for 
ingress) coiTeqx>nding to these three orders of result :— 

Poflition-angleB ^>ocfa8 

Airy PnlMoz Prootor Airy Poiseux Proctor 

Accelerated Ingress 13*1 188 29 138 66 14 18 65 14 4 
Mean Ingress 181 188 29 186 28 14 18 55 14 16 

Betarded Ingress 181 188 29 139 29 14 13 55 14 29 

In preparing the columns giving mj own results in the ac- 
companying tables, I have made use of the six orthographic maps 
forming Plates XIII., XIV., XV., and XYI. These were constructed 
with every precaution to ensure accuracy. The intersection of 
longitude-lines and latitude-parallels (to every 10^) were separately 
obtained by a double process of construction, and in all critical cases 
further tests were applied. In all, the construction of the mape in- 
volved upwards of 8,000 measurements. The results indicated in 
the maps have been also abundantly confirmed since the maps ap- 
peared, by the calculations and chartings made by others, and espe- 
daUy by the beautiful maps published by the American Government 

The six maps include four quarter-spheres, exhibiting the solar 
elevations and the coefficients of parallax.^ The other two exhibit 
the Earth as supposed to be seen from the Sun at ingress and egress 
(mearif and for internal contacts). In these the solar elevations 
are indicated by circles, and in place of 10 parallactic parallels, 
corresponding to the parallactic circles in the other map, there are 
laid down parallactic lines corresponding to minute intervals (the 
line across the Earth*s centre being taken as a zero-line). These 

I. The circles marked -9, '8, &e., pass through all the points at which 
ingress or egress is accelerated or retarded (as the case may be) by ^ths, 
■j^^ths, &c of the maximum acceleration or retardation. 
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lines are not parallel, but separately constructed for. Thus their 
indications differ somewhat from those derived from the parallactic 
circles iti the other maps, which are laid down on the supiposition 
(not strictly correct) that the outline of the penumbra of Venus 
travels parallel to itself across the face of the Earth. This will ac- 
count for a slight want of correspondence between the second and 
third columns imder mj own name in the following tables: the 
third gives the correct effect of parallax. It will be noticed, how- 
ever, that the difference is always trifling in the case of places 
duitable for the application of Delisle's method. 

A further correction, but one of small importance, would result 
from the consideration that the apparent outline (supposed to be 
seen froin the Sun) of that part of Venus's penumbra which traverses 
the Earth is not a straight line, but part of a large circle. Thus the 
actual outline on the Earth*s surftfce is not part of a circle. It 
follows that the parallactic curves in the four quarter spheres ought 
not to be circular, and the parallactic lines across the other two 
maps ought to be curved, the direction of their curvature being 
turned in the direction towards which the shadow is moving for 
ingress, and the reverse for egress. All the corrections due to this 
cause are minutci and attain their greatest values at places not 
suitable as stations either for the application of Delisle's or Halley*s 
method.^ 

A correction has been applied to the columns under my name 
corresponding to the fact lliat the maps are severally constructed 
for a single epoch, while the events to which they relate occupy 
several minutes. 

' This correction has been taken into accoont in oonstrueting the stereo- 
giBphic chart fonning Plate XX. 
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TRS OOlflNG TBA58ITS. 



TABLE L-^AcceUrated Ingress. 



BtetkH 


ft 


Bon't Slavatiflii 


ofPfenllAz 


Aoodsntioii 




Atay 


PainQZ 




Jdrj 


^1 II II i n M 


FqIwiuc ] 




Woahoo 


22*6 


o 

••• 


10*8 


•92 


•08 


m 
••• 


11-2 


ABwUl 


22-3 


21*6 


19-7 


•92 


•92 


10-8 


11*1 


Aiton I. (Aleutian) 


12-0 


••• 


10-8 


•80 


•84 


••• 


10-8 


Hazquesas L 


20-0 


28-1 


17-7 


•71 


•66 


76 


7-9 


Mouth of Amoor E. 


160 


•• • 


140 


67 


•62 


••• 


7-6 


J«ddo . . . 


••• 


80-9 


82-1 


••• 


•60 


••• 


6-8 


Otaheita 




84*6 


84*8 


29*7 


69 


•64 


61 


6-4 


NertachiDiV , 




••• 


••• 


10*1 




•41 


••• 


6-8 


Tntsikar . 




••• 


••• 


170 




-48 


••• 


6*8 


Eixin-Onla , 




••• 


••• 


19-6 




•42 


••• 


6-7 


Kagaaaki 




••• 


••• 


82-7 




•40 


••• 


6^8 


Tientain 




••• 


••• 


22-2 




•88 


•• • 


6-0 


Pakin . 




••• 


20-2 


20*8 




•80 


8-0 


4-8 


Shaoffhai 




••• 


29-6 


28-6 




•26 


2-6 


8-9 


Kankin 




•• • 


••• 


27*1 




•20 


••• 


8-6 


Canton 




•■• 


••• 


86-6 




•08 


••• 


1-6 


Hongkong , 




••• 


••• 


86*2 




•08 


••• 


1^6 



TABLE JL— Retarded Ingress. 



Btatlon 

Groaetl. 
Enderby Ld. 
Eerguelen Ld. 
MacdonaldL 
Kemp I. 
Bourbon I. . 
Hanritins 
Anatezdani I. 
Bodzignez 
SabrinaLd. . 
Adelie Ld. . 
Possesiion L 
Parth (Aiist.) 
KoyalCo. L. 
Madras 
Bombay 
Macqnarie Ld. 
Hobart Town 
Adelaide 
Melbourne . 



Bon*! Blevfttioii 


OfFMBllAX 


Kfftarrlatlon 

^ ■ - «% A. 


AiXj 


A UIotOBa 


X^ZWHN. 


Airy 


XTUQBOr 


Fnueiix 


X X WUH 


O 

. 9*6 


O 

• • • 


16*0 


•98 


'96 


m 

••• 


1?6 


• ••• 


17*8 


20-0 


•• • 


•92 


10-8 


11-8 


. 26-0 


28-6 


27-6 


•91 


*88 


10-8 


116 


• ••• 


27*2 


810 


•• • 


•86 


■•• 


11-2 


• ••• 


•• » 


800 


••• 


•86 


••• 


11*1 


. 4-6 


••• 


12*4 


•98 


•84 


•■• 


11*1 


. 6*0 


••• 


14*1 


•92 


•81 


■•• 


10*7 


• ••• 


27*6 


841 


••• 


'77 


9*8 


10-3 


. 11*6 


••• 


190 


•89 


76 


••• 


9*9 


• ••• 


••• 


46*0 




•78 


•• • 


8-2 


• ••• 


•• • 


46*0 




•60 


•• » 


6-8 


• ••• 


86*4 


88*6 




•46 


6-0 


6*0 


• ••• 


••• 


66*0 




•88 


»•• 


6*3 


• ••• 


••• 


620 




•82 


••• 


4-6 


. 12*6 


••• 


210 


•47 


•26 


••• 


40 


. 4*6 


••• 


12*6 


•44 


*22 


••• 


8*8 


• ••• 


••• 


62*0 


•• • 


•26 


2-9 


3*5 


• ••• 


70*0 


67*0 


••• 


•20 


•• • 


2-8 


• ••• 


••• 


760 


••• 


•18 


•«• 


26 


• ••• 


••• 


760 


••• 


•18 


••• 


2*2 
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TABLE UL—AcoeUraUd Egress. 



Stetion Bon's Bloratioa 


Ooeffldent 


Aocekratlon 




Ally 


Polsonx 


Roosor 


Airy 


Proctor 


PnisoDz 


Proctor 


PoBseflsion ] 


o 

• • ••• 


23-8 


25-0 


»«• 


•89 


m 
10-3 


1?4 


Adelio Ld. 


• • ••• 


••• 


84*0 


• • • 


•88 


«■• 


10-6 


Campbell L 


• • ••• 


••• 


28*0 


••« 


•79 


••» 


10-3 


Emerald 1. 


• • ••• 


••• 


30*0 


••• 


•78 


••• 


103 


Macquarie I 


. 24*0 


••• 


82-0 


•88 


•75 


••• 


9-8 


Chatham I. 


. 11-6 


••• 


16*0 


•87 


•75 


•• • 


9-8 


Canterbuzy 


(N.Z.) 190 


*»• 


22*5 


•81 


*71 


••• 


9-8 


Wellington 


. 170 


»•• 


20H) 


•81 


•70 


••• 


9*2 


SabrinaLd. 


« ••» 


»•• 


48*0 


••• 


■70 


••■ 


9 2 


Enderbj Ld 


• •»• 


410 


89*0 


••• 


•65 


6*9 


8*5 


BojalCo. L 


• *•• 


»»• 


42*0 


•• • 


•64 


••• 


8-6 


Anckland 


. 160 


14-4 


19*2 


•78 


•64 


8*6 


8-5 


Kemp. I. 


• • ••» 


••• 


51-0 


•• ■ 


•67 


■•• 


7*6 


Hobart Towi 


a . 36-0 


86*0 


400 


66 


•57 


7*5 


7-6 


Melbomme 


. 38-0 


•*• 


48*0 


•58 


•48 


••• 


6-6 


Sydney 


. 830 


•• • 


37-2 


•69 


-48 


••• 


6*6 


Adelaide 


• ■ ••• 


••• 


47-8 


••• 


•40 


•■• 


5-8 


Kergaelen L 


d. • •%• 


60*5 


57*1 


•• • 


•40 


••• 


5-0 


Crozet L 


• • »•» 


• • • 


47*5 


••• 


•34 


••• 


4-2 




TABLE IV.- 


--Retarded Egress. 






Stalioi 


11 Son's BtoTiiUon 


Goefflcirat 
of Parallax 


Eetaitlation 




Airy 


Pnisenz 


Proctor 


Airy 


Proctor 


Pniseiuc 


Proctor 


Orsk . 


o 
. 12-0 


o 
••• 


12*5 


•98 


•98 


m 
• •• 


m 
11-8 


Omek . 


. 12-5 


•• • 


11*5 


•96 


•97 


•• • 


11*7 


Afltracan 


. 12-4 


••• 


12*0 


•97 


•97 


• •• 


11-6 


Aleppo 


. 14-2 


• •• 


14*6 


•91 


•89 


••• 


10-5 


Peshawnr 


• • ••• 


»»• 


31*5 


••• 


•85 


••• 


10*3 


Alexandria 


. 130 


»*• 


14*0 


•86 


•84 


• •• 


100 


£:'aez . 


. 16-0 


17-6 


16*1 


•85 


-83 


9*4 


9-8 


Nertschinsk . 


• •• • 


• • • 


10*1 


•• • 


•81 


•• • 


9-8 


Delhi . 


■ ••• 


• • • 


88-0 


••• 


78 


■•• 


9*4 


Tsitaikar 


• ••• 


• •• 


120 


••• 


•72 


••• 


8-7 


Bombay 


1 • ••• 


• •• 


460 


••• 


•70 


••• 


8-5 


Pekin . 


• ••• 


21*2 


21-0 


■•• 


•70 


7*7 


8*6 


Kirin-OaU . 


• •• • 


••• 


140 


•• ■ 


•69 


••* 


8-4 


Tientsin 


• ••• 


••• 


171 


■• • 


•68 


•*• 


8*4 


Calcutta 


• ••• 


••• 


45-8 


••• 


•68 


••• 


8-2 


Aden . 


• ••• 


••• 


36*0 


••• 


•66 


••• 


7-8 


Nankin 


• ••• 


••• 


270 


••• 


•62 


••• 


7*6 


Madras 


* 
• ••• 


••• 


52*0 


•• • 


•61 


•>• 


7-4 


Shanghai 


• ••• 


26-1 


260 


•• • 


57 


6-2 


72 


Canton 


• •* • 


•• • 


870 


••• 


•52 


••• 


6-6 


Hongkong . 


• ••• 


••• 


870 


••• 


•50 


••• 


6-5 
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It will be .seen, on a comparison of these columns, tbat the 
effects of the change of phase are in some cases important. The 
coefficients of parallax are affected in several instances by more than 
0*1, and in two cases hj 0*22. In the cases of Grozet Island (Table 
II.) and Chatham Island (Table III.) solar elevations are so im- 
proved that these stations, which would have to be rejected if 
central passage were considered, are shown to be well suited for the 
observation of internal contacts. The diminution of all the co- 
efficients in Table IIL, through the change of phase, has an im* 
portant influenoe on the value of Delisle^s method, so far as egress 
observations are concerned. It is important to notice, also, that 
in the columns under my name in Tables III. and IV. many stations 
not hitherto recognised as available are included among the best 
places for observing egress. The Indian stations in Table IV. are 
too valuable to be neglected. Peshawur is better even than Alex- 
andria^ Delhi is not inferior to the latter station (when solar eleva- 
tion is considered as well as coefficient of parallax). Bombay, 
Calcutta, and Madras are also excellent. It may be noticed also 
that Bombay and Madras, which, when conmdered with reference 

, • • • • 

to central passage, had seemed suitable places for the observation of 
retarded ingress, are found to have so poor a coefficient of parallax 
when reference is made to internal contacts, that it would be useless 
to observe ingress there (so far at least as the application of Delisle^s 
method is concerned^. 

Of course, it will be impracticable for this country to send 
observers to more than a certain number of stations. But it is not 
unlikely that besides Russia, France, and England (the only countries 
specially concerned in the transit of 1874), other nations may care 
to take part in the solution of the noble problem of determining the 
Sun*8 distance ; and thus it seems advisable that all the stations 
where there will be any chance of obtaining useful observations, 
should be tabulated as nearly as possible according to their true 
relative values. 

As regards the comparison between Dellsle^s and Halley*s method 
for the transit of 1874, 1 may remark that M. Puiseux's results seem 
to have been somewhat misinterpreted. He does not anywhere 
speak of Halley*s method as the best, but simply states that he can 
see no reason why it should not be applied : nor do his figures 
establish the superiority of Halley^s method. 

I believe I shall be able to show, however, that there is at least a 
possibility that Halley's method may be so applied to the transit of 
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1874 as to give absolutely the best means of determinlDg the Sun's 
distance available before the transit of 2004 (about the circum* 
stances of which little is known). It only requires that the same 
energy should be devoted (either by England or some other nation) 
to the coming transit, which has been called for in relation to the 
transit of 1882. There will also be the same chance of failure in 
one case as in the other. 

To prove the justice of these views I point to Neitsohinsk (or its 
neighbourhood) as a suitable station for observing the lengthened 
transit, and the neighbourhood of Enderby Land as a proper station 
for observing the shortened transit. The above tables give for the 
former station a lengthening of (5*7"^+ 9*8°^) or 15*5™ ; and for the 
latter a shortening of (1 1 -S™ + 8-5») or 20-8". The total diflference 
of duration is thus shown to be 35*8°>. Setting against this the best 
case for Delisle's method (Woahoo from Table L and Crozet Island 
from Table II.), we get the total difference of absolute time, 
(ll»-2 + 12»-6) or 28»»-8. And the relative values of the methods 
(in these cases the most &vourable for each) are given by the formula 

Delisle'8 (23-8)« 2(4'28)* 2076 "*'*''^*' """J'' 

and in this ratio, independently of all the other advantages which it 
presents, does Halley*s method surpass Delisle's. By taking Kemp 
Island, Adelie Land, Victoria Land, Crozet Island, or Kerguelen's 
Land for the southern, and Tsitsikar, Kirin-Oula, or Tientsin, for 
the northern stations, we get differences of duration ranging from 
83™ to 80*6™, corresponding (according to Mr. Stone's formula) to a 
range of from 24™ to 22*2™, in the case of Delisle's method. There is 
little chance of the latter method being applicable with a difference 



* Here I have used the values given in Mr. Stone's paper, * Monthly 
Notices of the Astzonomical Society/ April 8, pp. 261, 252. He wonld have 
obtained a larger value for e had he calculated for internal contacts. This 
-would, of course, have been a change unfavourable to my case. But against 
this I set the fact that his careful examination of the circumstances of internal 
contacts will tend to render the probable errors much smaller ^relatively) in 
1874 than they were in 1769, when the obserrers had very^Tague notions of the 
phenomena they -were to expect and to watch. 

t It wonld not be ooirect to reduce the number of minutes 36*8 in a certain 
proportion, and take the excess over 28*8", as measuring the superiority of 
Halley's mode. The proper way of treating the question is to indicate the 
relation between the two modes by a ratio, as above. 
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greater than the lowest of these values; and the highest is a 
difference which the best stations will not give by Delisle's method. 

When it is remembered that Hall^*8 method is so much the 
simpler, and that stations selected with reference to it give a double 
chance of at least a useful observation, the above ccxisiderations 
seem to decide the question of the relative values of the two methods 
in 1874. 

lAstljj as to the relative values of the transits of 1874 and 1882, 
considered with reference to Halley*8 method. 

Mr. Stone's remark, that the choice of stations is limited to those 
at which the Sun will have an elevation of at least 1(P, reduces the 
maximum available difference of duration in 1874 from 36f (the 
value I had before mentioned) to 85|"^. But the transit of 1882 is 
much more seriouHlj affected. The suggested station nvar Sabrina 
Land must be rejected at onoe. And although the suggested 
station near South Victoria Land corresponds to an elevation of 10^ 
at ingress (see Atry's map 5, ' Monthly Notices ' for December 1868), 
there is no accessible spot in that neighbourhood which will give any 
such elevation. At Possession Island the Sun^s elevation will not be 
much more than 5^ at ingress ; and at Goulman Island, the most 
southerly station which Antarctic seamen hope to reach, the Sun*s 
elevation will be but 7^ ; and even if these islands were suitable, 
they give a difference of duration perceptibly less than that which 
I had dealt with in my former paper. 

I must add that I had fully taken into accoimt the difference in 

the clinging of the disc of Venus to the Sun*s limb in 1874 and 

1882. Indeed, I had adopted a considerably greater proportion than 

that indicated by Mr. Stone. But as the principle he lays down 

requires that both Sabrina Land and Victoria Land should be 

dismissed from our consideration in 1882 — and as there is absolutely 

no other southern station at all comparable with these two, as &.r as 

the lengthening of the transit's duration is concerned, we seem 

forced to the conclusion that if HaJley's method fails totally for 

either of the coming transits, it is for that of 1882 and not for that 

of 1874. 

Abridged from the Hfontkfy NUioes of the Boyal Astronomical Society for Jane 

1869.' 

* The paper is also altered in certain unimportant respects. And when in 
the original I wrote simply A, B, and G, 1 now substitute the names Aiiy, 
Pniseuz, and Proctor. The tim9 has passed when zttticence as to personal 
identity is useful, proper, or even just. 
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ON TEE APPLICATION OF PHOTOGRAPHY 

AS A XBAMS OF DBTBBiaNINO THB SOLAB PARALLAX 
rSOX THB TRAMSIT OF TBKU8 IK 1874. 

It is impossible to read Dr. De la Rue's account of the results of 
careful measurement applied to photographs of the solar eclipses in 
1860 and 1868 without recognising that we have in photography, 
as applied to the approaching Transit of Venus, one of the most 
powerful available means of determining the Sun's distance. Within 
the last few years, solar photography has made a progress which is 
Tery promising in regard to the future achievements of the science 
as an aid to exact astronomy. So that doubtless, in 1874, astro- 
nomers will apply photographic methods to the transit of that year, 
with even greater success than we should now be prepared to 
anticipate. It has therefore seemed to me that the photographic 
observation of the coming transit merits at least as full a preliminary 
inquiry as either Halley's or Delisle's method of direct observation. 

The result of an inquiry directed to this end has led me to the 
conclusion that photographers of the approaching transit should 
adopt for their guidance considerations somewhat different from 
those which have hitherto been chiefly attended to. 

It is undoubtedly true, as Dr. De la Rue has pointed out, that 
the photographer of the transit can readily take a large number of 
pictures, and by combining these, can ascertain with great accuracy 
the path of Venus across the solar disc* And by comparing the 
paths thus deduced for different stations a satisfactory estimate can 
be formed of the solar parallax. I do not wish to suggest any 
departure from this course of procedure. 

On the other hand, it is undoubtedly true, as Major Tennant has 
remarked, that the greatest effect of parallax will be obtained, for 
any two stationSi when both stations, the Earth's centre, and the 
centre of Venus, are in one and the same plane. So far as those 
two stations are concerned, his remark is just, that, it is the position 



252 THE COMING TBANSITS. 

of YenuB at the instant when the stations are so situated, and not 
the nearest approach of Venus to ihe Sun's centre, which should be 
compared. And further, Dr. De la Rue's comment on thip, to the 
effect that his method in reality includes Major Tennant's, is also 
correct. In fact, there can be no doubt that the position of Venoa 
at the particular instant referred to by Major Tennant can be £ar 
more exactly ascertained by a reference to the complete path of 
Venus for each station than from any attempt to secure nearly 
simultaneous photographic records at stations far removed from 
each other. 

But it appears to me that the method I am about to suggest, 
according to which the whole question will be reduced to the 
determination of a parallactic displacement of Venud on a Une 
through the centre of the Sun's disc, is the one by which the fullest 
assistance will be obtained from photography ; while a source of 
error, which has not hitherto been specially considered, will be 
practically eliminated. 

It must be remembered that in the comparison of photographio 
records, whether for the determination of the path of Venus across 
the Bun's disc at a particular station, or for the comparison either of 
Venus's apparent position or of her path as seen from two different 
stations, the accuracy of the results will depend in part on the 
certainty with which two or more pictures may be brought into 
comparison by means of a fiducial line or set of lines. It seems 
certain that no method can be devised by which all chance of error 
from this source can be eliminated. The great point would, there- 
fore, seem to be to render its effect as small as possible. 

Now let us consider for a moment Major Tennant*s proposition, 
Fio. 3. ^ giving a convenient illustration of the 

effects of any error either in the position of 
the fiducial lines, or in bringing those 
belonging to two pictures into exact corre- 
spondence. Let ig. 8 represent the result 
of a comparison between two photographs 
of the Sun. A B and C D are fiducial 
cross-lines common to both pictures ; a is 
the centre of Venus for one picture, b is 
' her centre for the other ; and on the exact 

measurement of a 5 depends the determination of the Sun's parallax, 
so far at least as these two pictures are concerned. Now it is very 
obvious that if the lines A B, C D, for one picture, have' not been 
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brought into perfect correspondence with those belonging to the 
other, the distance a b will be correspondingly affected. In &ct, it 
wonld appear that if the usual methods for making the corre- 
spondence as exact as possible are followed, almost as large an error 
would be introduced through this cause alone as by errors in the 
measurement of a 5, since the two processes — ^the measurement 
of a 5 and the adjustment of the sets of cross-lines — depend on the 
very same circumstance, the nicety, namely, with which the eye 
and the judgment can estimate minute quantities of about the same 
relative dimensions. 

But now, if a and 5, in place of having the position shown in 
fig. 3, were situated as in fig. 4, it is dear that the distance a h 
will not be appreciably affected by any small error in the adjust- 
ment of the fiducial linea 

The object, therefore, which it seems most desirable to secure is 
that Venus, as seen firom two different stations at a particular 
instant, should have a relative parallactic displacement towards tlie 
Sun's centre, or as nearly towards the Sun's centre as possible. 
This amounts to adding to Major Tennant's conditions this further 
one, that the Sun's centre should be in the same plane with the two 
Btations-— or rather to making this condition pig. 4. 

a substitute for that one which requires 
that the Earth's centre should be in the 
same plane wilhi the two stations. For as 
a rule we must not expect to be able to 
secure that two convenient stations on the 
Earth, as well as the centres of the Earth, 
Venus, and the Sun, should be in the same 
plane. 

Dr. De la Rue's remark that by taking 
a series of pictures the position of Venus may be ascertained at any 
moment is in reality quite as applicable to my suggestion as to 
Major Tennant's. In fact, were it not, we might despair of securing 
the desired object, since we have no reason for believing that 
astronomers are so certain as to the exact progress of the transit, 
that the conditions Could be secured by anticipatory instructions : 
whereas by applying Dr. De la Rue's method it will be possible, 
after the transit is past, to determine with any desired degree of 
accuracy the position of Venus at the proper instant. And further, 
it is very ob\ ious that no error in the placing of the fiducial lines 
for pictures taken at the same stations can much affect tlie accuracy 
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of the result, since the oompAiison of sacoessiye pictures, taken at 
the same station, does not directly involve the element of the solar 
parallax, as when we have to compare two pictures or paths deter- 
mined at different stations. 

The object, then, of the present paper and the accompanying 
chart is to determine what stations are most suitable for applying 
photography to the transit of 1874, on the principles above enumer* 
ated. I think ihe drawing will be foimd, however, to be also an 
instructive illustration of the whole character of the transit. 

In the last essay but one, I showed how all the chief elements of 
the transit could be deduced by considering the motion of Venus 
relatively to a pair of cones, each enveloping the Sun and the Earth, 
but one having its vertex outside the Earth, the other having its 
vertex between the Earth and the Sun. 

The remaining positions of the Earth in fig. 5, corresponding to 
the 11 pictures 8-13 in the illustrative plate, are those occupied by 
the Earth at successive intervals of 15 minutes, the picture num- 
bered 8 corresponding to the position occupied by the Earth at 16^ 
gm gi» G.M.T., on December 28, 1874, when Venus makes her 
nearest approach to the centre of the Sun's disc. 

Now if we look at figs. 1 and 2, and consider what they repre- 
sent, we shall see that fig. 2 may be looked upon as exhibiting an 
inverted picture of the Sun's disc and the transit of Venus's centre 
across it: we see, in &ct, that the apparent position occupied at any 
instant by any point on the Earth's surface in fig. 2, corresponds 
exactly to the position occupied by Venus upon the Sun's disc, as 
supposed to be seen from that point of the Earth's surface at the 
instant in question. We have only to invert fig. 2, and look at it 
from behind, to see what sort of path Venus would seem to traverse 
upon the Sun's disc, either with reference to the Earth's centre, or 
to any point of the Earth's surface supposed to be properly depicted 
upon the small discs 1-15 in ^g, 10. 

It follows, therefore, that if we want to determine two stations 
at which at any instant Venus would appear to have a relative 
parallactic displacement towards the Sun's centre, all that is 
required is that we select two stations which are on the same radial 
line from the common centre of the circular sections in ^g, 10. 

The positions of those radial lines which cross the Earth's track 
c d are exhibited in plate XVII. It will be understood, of course, that 
the three rows of figures belong in reality to a single row, the 
numbering of the successive pictures of the Earth indicating the 
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way in which that row would be fonned by the combination of the 
three rows shown in the plate. The actual arrangement is further 
illustrated by fig. 5 in which the same „ 

numbers are used ae in fig. S. 

I need not explun the conatraction of 
the plate, which depends on the umplest 
mathematical principles. I hare taken a 
considerable amount of care to secure 
accuracy, not only in the projeddona of 
the Earth, but in the position of the radial 



Passing orer pictures 1 and 2, we notice in picture 3, that Keiv 
gnelen'a Land and Crozet Island, lying nearly on a line with certain 
of the Alentian Islands, suggest that pictures taken at the fbnner 
stations at the b^pnning of the tranrit conld be advantageously 
compared with pictures simultaneously, or almost simultaneously, 
taken at a station on one of the easternmost of the Aleutians. In 
like manner pictures taken near Enderby Land could be advan- 
tageonsly compared with pictnrea taken at Woahoo. Projection i 
does not differ much from the preceding, but the cross-lines have 
assumed a less inclined position, and Kergnelen'a Land conld, at 
the epoch belonging to this picture, be better combined with a 
somewhat more westerly Aleuttan island. 

Projection 5 exhibits the advantage of a photographic station at 
or near Yokohama. Probably such a station, combined with one 
in Croeet Island or Kergnelen's Land, would give (by pictures taken 
near the hour belonging to Projection 5) absolutely the best results 
which photography can give. 

The remaining projections suggest the following combinations 
of photographic records : — 

Projection 6. Yokohama and Enderby Land, Kei^elen's Land 
and a station in Hanchooria ; Crozet Island and Pekin ; Cape of 
Good Hope and Nertschinsk. 

Projection 7. Kergnelen's Land and Taitaikar; Crozet Island 
and Nertschinsk ; Cape Town and a station west of Lake Bukal. 

Projection 8. Eerguelen's Land and Nenschtnsk; Cape Town and 
Peshawur ; Kepulse Bay or neighbourhood and Yokohama ; Perth 
(Austmlia) and Yokohama. 

Projection 9. Repulse Bay and Yokohama ; Enderby Land and 
Nertschinsk ; Crozet Island and Calcutta ; Cape Town and Bombay. 

Projection 10. Seputse Bay and Nertchinak ; Possession Island 
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(near South Victoria Land) and Tokobama; Kerguden^s Land 
and Calcutta; Crozet Island and Peahawur; Cape Town and 
Teheran. 

Projection 11. Poaseffiion I&land and Tsitidkar ; Repulse Bay 
and neighbourhood of Lake Baikal ; Enderbj Land and Calcutta ; 
Kerguelen*8 Land and Madras ; Crozet Island and PeshaTfur ; Cape 
Town and Aden. 

Projection 12. Possession Island and Nertschinsk; Enderby Land 
and Madras ; Kerguelen^s Land and Peshawur ; Crozet Island and 
Teheran. 

Projection 18. Possession Island and neighbourhood of Lake 
Baikal ; Repulse Bay and Calcutta ; a New Zealand Station and 
Yokohama; Hobart Town and a station near the mouth of the 
Amoor. 

From this list we see that Kerguelen's Land and Crozet Island, 
Peshawur and other Indian stations, and stations in Siberia, are 
those which give the most favourable opportunities for the applica- 
tion of the photographic method. 

From the 3£cntMy Notieea of the Royal Astronomical Society for January 1870. 
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An important natural phenomenon will occur in the year IS?^, and 
there is some fear that this country — ^though the Government 
has been liberal — will suffer serious discredit from the manner 
in which the phenomenon is to be observed. There is still time, 
though not a day to spare, to avoid this result ; and it is chiefly 
with the hope of commending the matter to the attention of all 
who can help to avert national discredit that we submit tlie facts 
of the case to general attention, while time still remains for action. 

It is known to most of those who read these lines that on 
December 8, 1874, and again on December 6, 1882, the planet 
Venus will cross the Sun's face, and that no like phenomenon will 
occur after 1882 until the year 2004. It chances, moreover, that 
in one respect the transit of 1874 presents an opportunity which 
will not recur during the transit of 1882, so that for 130 years 
astronomers will be without the means of remedying any omission 
which may be made in the case of the transit how near at hand. 
It is to this opportunity that what we now have to say specially 
relates. 

Without entering into any scientific details, it may be stated 
that the importance of a transit of Venus, in an astronomicaL 
sense, depends on the fact that as seen from the top or northern 
parts of the earth, Venus is projected lower down on the Sun's face 
than as seen from southern stations. And the great object of 
astronomers when a transit is to take place is to set observers far 
to the north and far to the south, in order that the observed dis- 
placement may be as great as possible. In December, of course, 
the Arctic regions are turned away from the Sun, so that no observer 
need be sent there ; but the Antarctic regions are then venjoying 
their nightless summer, and there, if possible, observers should be 
sent. Moreover, if this is to be done, our country, with its colonies 
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near tbe Antarctic seas, is beyond all question the proper coimtr7 
to undertake tke task. 

Accordingly for many years tbe question baa been discussed. 
No less than sixteen years ago it was announced tbat so far as 
Antarctic Yoyages were concerned attention migbt be limited to the 
transit of J 882. There seemed to be ample time, as well for pre- 
paration as for such preliminary reconnaissances as might appear 
necessary. In 1864 these statements were renewed more pofdtively ; 
and at last, in 1868, geographers and Arctic seamen were invited 
to give information as to suitable Antarctic stations, or rather as 
to the accessibility of those Antarctic stations which had been 
described as astronomically suitable. The geographers and Arctic 
seamen responded to the appeaL There were gatherings at the 
rooms of the Astronomical Society and of the Geographical Society ; 
it was announced that Possession Island or Coulman Island, near 
the precipitous shore-line of Victoria Land, would be a suitable 
station ; the necessary preparations were discussed and almost 
agreed upon, when, — ^when it was found that a slight mistake had 
been made. It was the transit of 1874, not that of 1882, which 
should haye been prepared for by reconnaissances in Antarctic 
regions. It was shown unmistakably that whatever astronomical 
observations could be made in 1882 could be made to much greater 
advantage in 1874 ; that whereas the Sun would only be five or 
six degrees above the horizon at the critical moment of the ingress 
of Venus on the Sun's face in 1882, he will be more than twenty- 
five degrees above the horizon both at her ingress and egress in 
1874 ; that, in fine, as respects all the essential conditions of the 
problem, ' some one had blundered.* 

A somewhat singular result followed. The author of this cor- 
rection was almost unknown to the astronomical world (three years 
before he had been altogether unknown). It was otherwise with 
the author of the mistake. Ninety-nine persons out of a hundred 
would have formed but one conclusion on the subject, if the correc- 
tion had been quietly ignored. This, however, was not what actually 
took place. A contest (though a feeble one) was maintained over 
unimportant details ; a statement was made that the researches in 
which the mistakes occurred were only preliminary and rough ; 
the suggested Antarctic voyages dropped out of notice ; other mis- 
takes, and especially the complete neglect of certain valuable 
stations in Northern India, were silently corrected. And most 
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persons entertjfuned the belief that the author of the correction, 
having discoyered a mare's-nest, wished only to have the discovery 
forgotten. 

Now, at length, however (we may say at the last moment, when 
the difficulties of Antarctic voyaging are considered, nay, we may 
almost say, when it is too late), it begins to be recognised that the 
mistakes pointed out had a very real existence. Every one knows 
now that Antarctic voyages will not be made in 1882. It is also 
known that, whether the erroneous preliminary inquiries were only 
rough first approximations or not, no others have unce been made 
by British astronomers, except those very inquiries by which the 
errors in question were discovered (and certain corroborative re-; 
searches published in the * Nautical Almanac * for 1874) ; and the 
inquiry is naturally made if Antarctic voyages were supposed to. 
be worth making for the over-valued transit of 1882, are they to be 
neglected &r the earlier transit now shown to have a greater value 
even than that of 1882 had been supposed to have? This is a 
question very seriously affecting the scientific credit of this country. 
There has been, or let us hope we may still say, there is a certain 
opportunity, in which the whole scientific world has an interest. 
This opportunity is the only one of the kind since the year 1769, 
and until the year 2004. To this country specially fitlls the duty 
of seizing the opportunity, — the opportunity^ namely^ of making 
absolutely the most effective observations for the determination of the 
Sun*s distance possible during an interval of two hundred and thirty- 
Jive years. What will be said and thought of the science of this, 
country, if, hereafter, it must be recorded that the opportunity was 
missed through an astronomical blunder, and that, when the blunder 
was indicated, four precious years were allowed to elapse, during 
which nothing was done to replace an impracticable scheme by one 
which could very readily have been carried out? Twelve years 
of error followed by four years of apathy, — surely if the remembrance 
of these things can be removed by an energetic effort, the effort is worth 
making. Let us see what is wanting. 

If the work had been begun four years ago, the thing to be done 
would have been to make reconnaissances for a wintering station 
near Enderby Land (on the Antarctic Circle, and due south of the 
Crozets). For that is where the very best astronomical results 
would be obtained. It is probably too late for this. There remains 
however, Possession Island, near Victoria Land, in south latitude 

8 3 



260 THB COldNG TRANSITS. 

72^ and east longitude 71^. This chances to be the station which 
was agreed upon as the best for observing the transit of 1882. It 
is true that the astronomical authority who had made the mist^es 
above mentioned had indicated as a suitable station a q>ot on a 
precipitous and most dangerous shore-line, where Sir James Roes 
had not found the slightest sign of an opening. But setting that 
opinion aside, the geographers and Arctic seamen (amongst them one 
at least who had accompanied Ross in his Antarctic voyages) agreed 
that Possession Island was the only available place. It was shown 
that this station could be readily reached, that a landing could 
be made (Ross landed a party there in 1842), that with good huts 
a party could winter there, and that meteorological chances would 
be &vourable. Nothing was said about the Sun's elevation at the 
critical moments of the ingress and egress of Venus. It was the 
troublesome person we have spoken of above who first pointed out 
that the Sun would only be five degrees above the horizon of Foe- 
session Island when Venus entered upon his disc This was a &tal 
difficulty, because the leading practical authorities had decided that 
a solar elevation of ten degrees was the very least which would 
permit of sufficiently accurate observation of the phenomena pre- 
sented as Venus enters upon the solar disc. Now, as respects the 
transit of 1874, the Sun's elevation at this very station will be 
twenty-five degrees (about the elevation of the Sun at noon, in the 
middle of February in London), when Venus enters on his disc, 
and thirty-eight degrees when Venus leaves his disc. All the other 
astronomical circumstances are also most &vourable. 

The great difficulty is that, owing in the first place to the im- 
fortunate mistake above mentioned, and in the second to the &ct 
that no effi)rt has been made to retrieve matters since the mistake 
was pointed out, it is now barely possible to get an expedition 
suitably furnished forth in time to reach Possession Island in 
January* 1874. This is essential, because navigation is not open 
in Antarctic seas so early as December 8, and accordingly an observ- 
ing party must winter in Possession Island. Nevertheless, there is 
still a chance of retrieving matters, if sufficient energy be displayed 
in good time. It seems hopeless to look for action on the part of 
the astronomical authority whose influence would be most powerful, 
since such action would be the admission of mistakes which had 
been long entertained, and have been followed by an inexplicable 
apathy. But the &cts are now patent ; the scientific honour of our 
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oonntry is at stake ; the waj to save it is plain and straightforward ; 
difficulties and dangers have not hitherto deterred our countrymen 
in such matters ; and it cannot surely be feared that in so critical 
a case the mere cost of the required expedition will stand in the 
way. 1/ an expedition from this Coventry cannot he managed, one 
should he sent from Australia or New Zealand. 

From the Spectator for February 8, 1873. 
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THE ASTRONOMER ROYAL'S REPLY. 

I A Letter to the Secretary of the Admiralty on certain Articles 
which had appeared in the Public Newspapers in regard to the 
approaching Transit of Venus."] 

'I HAVE the honour to acknowledge your letter of February 
14th, calling my attention to articles which have appeared in the 
'* Spectator *' newspaper of February 8th, and the " Times" of Feb- 
ruary Idth, and requesting my views on these for the information 
of the Lords Commissioners of the Admiralty. I have procured 
the papers in question, and also the '* Times " of February 20th, 
which contains articles of opposite characters bearing on the same 
subject ; and have also received a paper by Dr. Oppolzer of Vienna, 
of veiy elaborate character, scarcely known in this country. 
I have the honour now to offer my remarks upon the whole 
subject 

' 2. The English papers are moderate and courteous in cha- 
racter, though distinct in their meaning. They are based entirely 
upon investigations by Mr. R. A. Proctor published in the " Monthly 
Notices,*' especially in the << Notice " of June 11th, 1869. These 
investigations are illustrated by tables and maps of great clearness 
and unquestionable value; and to these, mainly, I shall refer 
in the following remarks. I shall, however, also extract some 
numbers from the calculations made by the Superintendent of the 
'* Nautical Almanac,*' and published in the '^Nautical Almanac** for 
1874 ; and some notes from the paper of Dr. Oppolzer to which I 
have alluded. 

' 8. Remarking that the proposal to make observations on the 
Antarctic continent is essentially connected (as I shall shortly show) 
with the idea that efficient observations may be made in the ex- 
treme north of Asia, I will first point out that this matter entered 
into my consideration in my original communication to the Rojral 
Astronomical Society in 1857. In speaking of '' the application of 
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the method of difference of duration of transit *' (called " Halley's 
Method" in the newspapers) << to the transit of 1874,*' I said, '<The 
most northerly stations are to be found in Siberia, Tartaiy, and 
Thibet (which will scarcely be visited by astronomers in December), 
on the coasts of China, and in North British India/' And, remark- 
ing that the whole discussion is founded on the assumption by Mr. 
Proctor that comparisons of duration of transit at different places 
possess a high value, I state that in 1869 M. Puiseux had indicated 
this; that in the *' Monthly Notices,'* March 12, 1869, 1 answered 
M. Puiseux, showing that I had already considered his suggested 
stations, and also that a ratio of probable errors to which he had 
not adverted must be taken into consideration. I believe that the 
idea has not again been promulgated on the Continent. I advert to 
these historical points for the purpose of showing that the matter 
has been sufficiently present to my mind. Subsequently Mr. 
Proctor took up the question, straining to the utmost the idea of 
separating as far as possible the northern and southern stations, and 
considering nothing but their geometrical relation. 

' 4. I may here conveniently cite some passages (translated) 
^m Dr. Oppolzer*s paper, page 75 : ''In Halley's method in 
general, the longitude of the place of observation needs only 
approximately to be known, in order to determine the value of the 
parallax from the time of duration ; and this was in the eighteenth 
century to be r^arded as an especially great advantage, as the 
accurate determinatiou of longitudes was then an almost insoluble 
problem ; but in the present very perfect knowledge of the 
Moon's motion, there will be no very great difficulty in obtaining 
satis£actory determinations of the longitude. The application of 
Halley's method possesses therefore in the present day no special 
advantage. If the longitude is determined with certainty, it is of 
more advantage to the accuracy of the result not to use the observa- 
tions as durations, but to treat them as made for the application 
of Delisle's method [the comparison of absolute times at different 
stations]." 

* 6. My own preparations have been going on entirely in the 
same spirit as that which influenced Dr. Oppolzer in writing these 
remarks. The labour which I contemplate as to be employed in 
determining the local longitudes very far exceeds that for the 
mere observation of the transit. In a stay of three months I hope 
to be able to obtain at each station 30 meridional transits of the 
Moon, and 120 extra-meriodional transits, vertical or horizontal ; 
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and I do not doubt that the longitude obtained will be certain 
within 1* of time. 

' 6 Asfmming (as Mr. Proctor appears to have aasumed, and 
with my assent thereto) the probable error of dock observation 
of an ingress or egress as 4''28, then the probable error of 
absolute time in seconds is ^/ {(4*28)'+!},^ and the probable 
error in the comparison of absolute times at two stations will 
be v'2x V {(4*28)*+ 1}. This is the probable error for 
Delisle^s method. When both ingress and egress are observed at 
one station, the probable error of each is 4*28, the probable error 
of the interval is V^ x 4*28, and the probable error of the com- 
parison of the intervals thus observed at two stations is 2 x 4'28. 
This is the probable error ^r Hallej's method. The proportion or 

v. 1. . > is 1*379. The demerit of a comparison of observations 

depends on the proportion 

Probable Error. 

Difference attributable to Parallax 

'Therefore, in order to ascertain whether a comparison in 
Halley^s method is as good as one in Delisle^s method, we must find 
whether the parallax difference in Hallej's method is greater than 
that in Delisle's method in the proportion of 1 : 1*379. And 
taking Mr. Proctor's selection of a fundamental Delisle^s com- 
parison (Woahoo— -Grozet Island) at 23"^8, and remarking that 
23'8 X 1*379 ^ 32*8, we finally arrive at this simple criterion, 
that if the parallactic difference of duration in Halley's method 
in any special comparison of observations is greater than 32'^8, 
that comparison is more valuable than one in Delisle's method ; 
if less than 32"*'8, it is less valuable than one in Delisle's method. 

' 7. I will now exhibit the application of this criterion to three 
northern and three southern stations : — 



station 
Nertachinsk 


Panllactio 

Effect 

m 

16-6 


CompariMm 

wlthBndarby 

m 

86-9 


CompBiiflOii 

with Nertacbiiuk 

m 


Tientsin 


184 


83-7 


... 


Pekin 


12-9 


88*2 


••• 


Enderby 
Crozet 


20-8 
16-8 


a*. 
... 


85-9 
82-4 


Kerg^uelen 


16*6 


... 


82*2 



* In Mr. Proctor's formula, * Monthly Notices/ 1 869, June 1 1 , p. 8 1 6, the fac- 
tor is omitted by a printer's error. The computed numbers appear to be correct. 
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' The combination of Nert8cbin&k and Enderby giyes a number 
greater than the criterion ; and therefore, if there were no other 
difficulties in the way, it would be well to combine these two 
stations. But the combination of Nertschinsk with Grozet or 
Kerguelen gives a number below the criterion ; and therefore, if 
Enderby is not secured, the observation at Nertschinsk possesses no 
special value of the kind considered. The combination of Enderby 
with Tientsin or Pekin gives a number scarcely above the criterion, 
and therefore, if Nertschinsk is not secured, the observation at 
Enderby scarcely possesses any special value. 

' 8. I will now advert to the local circumstances. A few of the 
following numbers are taken roughly from Mr. Proctor's maps, but 
none are seriously in error : 

Bon's SHeTfttioa at 
Ingress and Bgreas 

o o 

12 10 

28 22 

22 21 

(20) (40) 

(11) (60) 

28 59 

' Nertschinsk is a station in Siberia, in high latitude, nearly 1000 
miles from the nearest sea. I presume that its climate is truly con- 
tinental. At St. Petersburg, in the winter, the sun sometimes is 
not seen for several weeks together ; I suppose that the same may 
happen at Nertschinsk. The Sun's elevation at the observations will 
be rather small. I doubt greatly the probability that any observa- 
tions can be made there. 

' Of Enderby's Land very little is known. It is certain that an 
expedition to that region must be exposed to long confinement and 
great severities, affecting even the metallic instruments. 

' 9. On a review of the whole case, I decline to recommend that 
an expedition be sent to Enderby Land, or to any station in the 
Antarctic continent. 

' 10. In one of the papers to which my attention was called, it 
was suggested that, referring to the belief that Lord Lindsay pro- 
poses to make observations at the Mauritius, the Rodriguez observa- 
tions should be abandoned, and a ship thus set at liberty for the 
South continent. I very highly respect Lord Lindsay's spirit of 
enterprise, but there are abundant reasons for refusing to abandon 
a Crovexnment expedition in the hope that a private astronomer will 
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Latitade 


NertBchinak 


6 

61 + 


Tientsin 


89 


PftlEin 


40 


Endarby 


(66) 


Crozet 


(46) 


Eeigaelin 


49 
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do Bomething equivalent I add that the pomtion of Maoritiiis is 
inferior to that of Rodriguez. 

'11. It seems to be conceiTed by the writers of the papers that 
no attention has been given to India. For myself I oan say that 
it has been duly considered, but that, in reference to the original 
proposal of relying on eye-observations, I saw no reason for esta- 
blishing a station there, and in particular I objected to a proposed 
substitution of Peshawur for Alexandria. The introduction of 
photography has introduced new geometrical considerations, princi- 
pally pointed out by Mr. Proctor ; and I have endeavoured to 
carry out the establishment of a photographic station in India. 
The matter is now in a stage in which I haye no control or official 
information. 

* 12. The only extension of the original plan to which I look as 
a contingency is this. My scheme was drawn up, and action was 
taken on it, before the outbreak of die war between France 
and Germany. In proposing that Great Britain should take up 
a station in the Sandwich Islands, I expressly recorded my hope 
that France would equip a station at the Marquesas. This hope 
may now be frustrated, although I' know so well the noble spirit 
of that nation in all matters relating to science that I can scarcely 
entertain the thought. But I am not aware that any positive 
arrangement haa yet been made, either by the French or the 
American Governments, for filling up the gap in the Pacific. At 
present, that ia the weak part of established pbms. Shoidd the 
deficiency continue to exist, some effort might well be made to 
supply it. 

* Royal Observatory, Greenwich, 
* Febniaiy 21, 1873.' 

From the Monthly Notieei of the Asironomieal Society for March 1873* 
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REMARKS ON SIR G. AIRTS LETTER. 

I take the articles of this letter seriatim. 

1 and 2 need no comment other than a recognition on mj part 
of the courteous tone in which they are expressed. 

8. I shall presently show that efficient observations at high 
northern stations are not necessary in order to render observations 
by Halley's method superior to the proposed observations by 
Delisle^s. I am at a loss to understand how the question can be 
said to have been sufficiently taken into consideration in the 
Astronomer Royal's original communication to the Royal Astrono- 
mical Society in 1857. I would refer to that communication itself, 
and to my remarks upon it and quotations from it elsewhere in 
the present volume. The mere circumstance that the estimated 
epochs of ingress and egress were nearly an hour in error 
would suffice of itself to show that that communication did not 
and could not indicate the actual circumstances of the transit of 
1874. It is a mere accident that the places indicated fall on parts 
of the somewhat extensive regions there named by the Astronomer 
Royal ; but no details as to time-differences or solar elevation could 
have been deduced from the rough investigation then made, nor as 
a matter of fsuA is a single detail of the kind mentioned in that 
communication. Nevertheless, as it was the first, so also it was 
the last commimicatioB in which the Astronomer Royal made any 
definite statements respecting the value of Halley's method in 
1874: These remarks relate also to the Astronomer Royal's reply 
to M. Puiseux in the ' Monthly Notices ' for March 1869, which 
I found myself at the time (as I find myself now) unable to 
reconcile with the paper of 1857. Whether I am mistaken or not 
in my interpretation of the latter paper can be ascertained by a 
study of its contents so far as they relate to the transits of 1874 and 
1882. 

I conceive that a careful comparison of the Astronomer Royal's 
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disctuBsioDS of the transit of 1882 with my diacussion of the transit 
of 1874, considering both with special reference to the application 
of Hallej's method, will afford ample evidence that I have not led 
the way in * straining to the utmost the idea of separating as &r as 
possible the northern and southern stations, and considering nothing 
but their geometrical relation.* 

4. Premising that Dr. Oppolzer^s paper, assuming it to have the 
Astronomer Royal*s assent, has led to a marked change of opinion 
on his part as to the advantages of Halley's method, I would remark 
that that paper strengthens all the reasons which have been urged 
by myself for selecting stations where the whole transit can be 
observed. For if, besides the use which can be made of the obser- 
vations of duration at such places, the time observations can be 
used for Delisle's method also, such stations have an enhanced 
value. This applies with special force to Antarctic stations for 
observing the transit, since at every such station advantageous for 
applying Halley*s method, Delisle^s method can be applied advan- 
tageously both at ingress and egress, and at one or other more 
advantageously than at any of the selected southern stations tor 
observations by this method. This remark relates also to stations 
which are not within the Antarctic circle, and can undoubtedly be 
reached in December ; and it is especially to be noted, that there 
would be no occasion to make observations for determining the 
longitude, until the actual observation of the transit had been 
successfully made. If the weather were unfavourable during the 
transit, there would be an end of the matter. If the weather were 
favourable, astronomers could thereafter, at their leisure or con- 
venience, determine the longitude of stations where observations had 
thus been successfully made. Again the remark applies with 
special force to the North Indian stations suitable for observinsc the 
retarded egress. At Delhi, for example, while the circumstances 
for observing this special phase are superior (when solar elevation 
is taken into accoimt) to those at the selected station, Alexandria, 
the whole transit will also be observable, whereas at Alexandria 
only the end of the transit will be seen, and that under conditions 
by no means &vourable. 

5. This article illustrates strikingly the superior simplicity of 
Halley's method. Granting Halley's method to be only equal to 
Delisle's in any given case, it nevertheless must be iar less costly if 
a three months' stay is regarded as necessary for determining the 
longitude in the application of the latter method. This remark 
would of course not apply to the suggested occupation of Possession 



BEMABKS ON SIB G. AIRT's LETTER. 269 

Island. Bat it is to be remembered that Antarctic exploration, and 
particularly an Antarctic wintering expedition, would have very 
great scientific interest apart from astronomical considerations. In 
proof of this^ need only refer to the passages quoted in the next 
essay from the Astronomer Royal's communication in the ' Monthly 
Notices * for May 1865. 

6. I must remark that m assuming 4*'28 as the probable error 
of clock observation of ingress or egress, I was adopting, without 
assenting to it, an extreme estimate. I should regard the probable 
error of such observations made, as during the transit of 1769, to be 
about 4^' ; but in the observations to be made during the coming 
transit, guided as they will be by the experience which has been 
obtained in these matters, I should consider 3' an ample estimate of 
the probable error. Adopting this estimate instead of Mr. Stone's 
estimate (strained to a maximum, I conceive) we obtain a proportion 
much more favourable to my case. 

But I do not press this point, simply because it is a matter of 
opinion. 1 note only that Mr. Stone's estimate seems to me 
excessive. 

I challenge directly, however, the Astronomer Royal's adoption 
of my own selection ( Woahoo and Crozet Island) as a fundamental 
Delisle's comparison. I took purposely an extreme case in favour 
of Delisle's method ; and if that extreme case is admitted, so also 
must the extreme cases for Halley's method. But if, in testing 
Halley's method, we are to take into accoimt other considerations 
than geometrical ones, so also must we in testing Delisle's method. 
L apprehend that the comparison must, in fiiimess, be made with 
the Astronomer Royal's proposed arrangementSi not with a scheme 
which was only suggested hypothetically. 

7. I will exhibit the application of the Astronomer Royal's 
criterion (reserving my assent thereto) to his selected stations : 



Palnof StttUons 




Fhaaetobe 
Obwnred 




FtnOlaodo 
Bffleot 




Tbne-DifferBnoe 
X1878 


Woahoo , • 
Rodrigues . 




Ingress 




AoclI*2 
Ret. 9*9 




m 
29*1 


AvcklfiDd,' N.Z. . 
Onk (Riuftian Station) 




Egress 




Ace 8*5 
Ret. 11*8 




28*1 


Auckland, N.Z. . 
Alexandria • 




Egress 




Ace 8*5 
Ret 100 




26-6 



* I And this station in the announced list of places to be occnpied by Eng- 
land ; but if I remember rightly there has been some change. In default of 
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It is with these values, and not with tlie value resulting from 
the consideration of a station which is not, in point of fact, to be 
occupied, that comparison should be made. Let it suffice to saj on 
this point that taking the least favourable cases in the Astronomer 
Royal's table, — ^viz. Pekin and Keiguelen's Island, — ^we obtain as the 
di£ference of duration 

12"-9+16»'6=29»-5 

which is better than the best of the above values, obtained by 
applying to the best of the stations actually selected the Astronomer 
Royal's extreme criterion. 

For further evidence on this point see the table which follows 
this paper. 

8. As to local circumstances, I may point out that they affect the 
application of both the methods. Cloudy weather at Woahoo in 
December is a contingency far too probable to be overlooked. 
Observations of Orsk, Omsk, and Tobolsk are not unlikely to be 
lost through bad weather. Much must inevitably be risked, what- 
ever plans be adopted ; and as my suggestions involve a greater 
spreading of the observers than the Astronomer Royal contem- 
plates (since America, Grermany, and France are likely to con- 
gregate around the very regions marked out for Great Britain), I 
conceive that on the whole (and apart from all other considerations) 
the chances of success would be increased by the suggested change 
of plan. 

7 dwell with special force upon the fact that the effective use of 
Halley*s method would render it necessary to occupy two regions^ one 
lying between the northern regions for observing acceleixited ingress 
and retarded egress, the other lying between the southern regipns for 
observing retarded ingress and accelerated egress. This I take to 
be a most important point; for the chances of a successful 
result cannot but be reduced if these regions of vantage are left 
unoccupied. 

9. Compare the passages cited from the Astronomer Royal^s 
communications to the Society in 1857, 1864, 1865, and 1868, in 
my accompanying paper. 

10. Relates to a matter respecting which it would be improper 
for me to express an opinion. 

the actually selected station, I adopt the station originally propoeed. What- 
ever difference there may be in the acceleration will be slight. [This is cor- 
rected further on.] 
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11. I venture to quote, in full, from the ' Monthly Notices ' for 
December 1869, the Astronomer Royal's remarks on the stations 
suitable for observing the egress as retarded by parallax. I cannot 
find any evidence in these remarks (his last public remarks on the 
subject) to prove that the North Indian stations suitable for observ- 
ing this phase (the only phase for which North Indian stations are 
in question at all) have been ' duly considered * : — 

' The stations which are favourable for this observation are 
almost entirely on Russian and Turkish territories. At none of 
them is the fiictor less than 0*84 ; and we have, therefore, only to 
consider the elevation of the Sun, leaving to the national govern- 
ments to estimate the fitcUities or difficulties depending on the 
locality, the climate, or the season. Any station either to the 
east or to the west of the Lower Caspian will have the Sun well 
elevated. Omsk, Orsk (whose longitude has been determined 
with peculiar care), Astrakhan, Erzeroum, Aleppo, Smyrna, and 
Alexandria, have the Sun sufficiently hi^h. At Tobolsk, Perm, 
Kazan, Kharkov, Odessa, Constantinople, and Athens, the Sun will 
be rather low, and at Moscow it will be on the horizon. We 
may with the utmost conndence leave the selection of the stations, . 
the determination of longitude, and the observation of the pheno- 
menon, to our Russian friends. One station, however, ought 
specially to be considered as being, for this purpose, in British 
hands, namely, Alexandria. It appears not improbable that we 
may soon have very direct telegraphic communication with Alex- 
andria ; but failing this, I trust that no efforts will be wanting to 
determine accurately its longitude ; a longitude which was, in the 
survey of Admiral Smyth, and which always must be, the zero of 
longitude in the Levant. This being ascertained, Alexandria wotdd 
probably be the best of all the stations for observation of the 
retarded egress.' 

It will be observed that India is not even mentioned. I myself 
only indicated Peshawur as marking a suitable part of India. Delhi 
and other conveniently accessible stations would serve equally well. 
12. Relates to considerations respecting which I have no opinion 
to offer, beyond the expression of my belief (justified by events 
which have recently occurred), that the share taken by America in 
the work of observing the coming transit will be a large and im- 
portant one. 

I may remarki in condusioni that as respects wintering at 
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PoaaesBion lalancl, I Ixave no opinion of my own to maintain. I 
have simply adopted the statements of the moat experienced autho- 
rities on the subject. When the Astronomer Boyal was earnest 
in endeavouring to secure observations by Halley^s method in 1882, 
he accepted the favourable statements of those authorities readily, 
or rather, even eagerly ; now that Halley's method is being dis- 
countenanced, those &vourable statements are lightly regarded. 
For myself I am content, in a matter in which I have not the least 
experience, to take the opinions of those who are understood to have, 
great experience.^ If Admirals Richards and Ommanney, and 
Commander Davis now consider that they were mistaken in what 
they said in 1868, so be it, — I accept their present' opinion. It 
does not affect my argument. Many stations remain which are 
certainly accessible early in December, and would give better results 
by Halley's method than even Sir George Airy expects to obtain by 
Delisle's. 

* I pointed out, howeyer, in my * San ' (and I believe I was the first to 
remind the general public of the fact) that Posseesion Island, owing to the 
enormous quantities of guano, would be a disagreeable if not dangerous 
wintering station. Still I supposed that the fact had been in the remembrance of 
Commander Daris, when he decided that it was possible to winter at Possession 
Island. 

From the Monthly Notices of the Astronomical Society for March 1873. 
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THE TRANSIT OF VENUS IN 1874. 

It will be in the remembrance of most of the Fellows of the Astro- 
nomical Society that four years ago a paper of mine was read in which 
the circumstances of the transit of 1874 were subjected to a more 
careful and detailed examination than had till then (to the best of my 
knowledge) been applied to the subject. Towards the end of that 
paper ^ I pointed to certain conclusions respecting the application of 
Ilalley's method during the transit, which were certainly new at that 
time, though they have since been abundantly confirmed in many dif- 
ferent quarters, notably in the jjages of the * Nautical Almanac ' for 
1874. Two months later, or in May 1869, 1 read a paper in which 
these conclusions were further advocated, and illustrated by a series 
of projections.* Thereafter, with the exception of two or three short 
notes to meet objections which had been raised by Mr. Stone to 
points of detail, I have not, at any of our meetings, or in Council, 
touched further upon the subject of the approaching transits. 

I trust it will not be thought by the Society that I have exhi- 
bited any -undue impatience. My fear is, indeed, that hereafter 
the examination of all the circumstances may lead to the impression 
that I have been remiss (holding the opinions which I entertain on 
this subject) in leaving the matter to so late an epoch. This, 

> I feel bound to dwell upon the fact that that paper wsb commenced, and 
continued {pari passu with the calculations whose results it presents) up to the 
portion referred to in the title as * An Addendum/ before I had any notion 
that the results at which I should arrive would be different from those indicated 
from the year 1867 to December 1868, by the Astronomer Hoyal. Anyone 
who will examine the essay carefully, will recognise abundant evidence of this 
fact. It WAS somewhat hastily and quite mistakenly assumed that the paper 
was * an attack from beginning to end ' on the Astronomer Boyal's essays. ' 

* In this paper, the series of results which I controverted were simply de- 
scribed as those obtained by a certain process, and they were tabulated under 
the letter A ; Fuiseux's results, which were much more near to exactness, were 
tabulated under the letter B ; my own under the letter C. 
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However, will be regarded, I conceive, as a fault on the right side, 
more particularly when I mention that, as editor of the Proceedings 
(during Professor Cayley's Presidentship) I have felt some degree 
of delicacy in touching upon a matter which had formerly been a 
subject of discussion between myself and the late first Assistant at 
the Greenwich Observatory. 

There is now no time for further delay, at least as respects the 
part of the subject which I propose chiefly to consider — the ad- 
visability, namely, of endeavouring to secure Government assistance 
for an expedition to the Antarctic regions with the object of 
applying Halley's method to the transit of December 9, 1874. 

Moreover, it is absolutely necessary for the due enforcement of 
my views (now that time so presses) that I should indicate precisely 
how and where the mistakes arose which led to the adoption of 
views altogether different. Because if I fail to do this, the result 
will inevitably be that many persons will suppose me to be merely 
advocating a certain opinion (and that against the leading authority 
in all such matters), whereas in reality the question is one of easily 
ascertainable fact^. In saying this I speak from experience. Four 
years ago, I pu])lished my views without explaining? where and 
how the views which I opposed had had their origin ; and I find 
that quite a large proportion of those who read my papers judged 
that I merely differed from Sir George Airy on a matter of opinion, 
not on matters of fact (mathematically testable). 

What I propose to prove, in what follows, is, that certain ad- 
vantageous circumstances, which had been supposed to exist only 
in the case of the transit of 1882, exist in a greater degree in the 
case of the earlier transit ; that difficulties which render the ob- 
servations of Halley's method inapplicable in 1882 do not exist in 
1874 ; and, lastly, that the statements (I may say the earnest appealn) 
made by the Astronomer Eoyal in the case of the transit of 1882, 
pledge this country (because made by its official astronomical 
representative) to the duty of undertaking an expedition to view 
the transit of 1874 (now that its circumstances are known) from 
some Antarctic station or stations. 

Let it be premised that the reasoning by which, in 1857, it 
seemed to be demonstrated that Halley'B method is inapplicable in 
1874, is soimd in its general bearing. It breaks down only when 
tested by details. 

Let Fig. 6 represent the &ce of the Earth as supposed to be 

t2 
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seen from the Sun during a December transit, such as either of 
the approaching transits. Now, the Earth during the transit is 
moving from right to left, or in the direction shown by the long 
arrow. Her rotation shifts points on her surface in the way shown 
by the small arrows on the latitude parallels, the shift due to this 
cause being greatest on the equator. This motion manifestly takes 
place in a sense adverse to that of the Earth's motion of revolution, 
everywhere except at stations on the shaded lune of the disk. 
Now, Venus transits with the excess of her motion of revolutioa 
over the Earth's ; and anything which tends to reduce the effects 
of the Earth's motion of revolution, increases the excess of Venus's 
amotion — or in other words, hastens Venus in her transit So that 

Fig. 6. 




^'^/iD£D B^ 



at every point of the unshaded portion of the disk in Fig. 6 Venus 
is hastened, more or less, by the effects due to the Earth's rotation. 
On the contrary, at every point on the shaded portion of the disk 
Venus is retarded in her transit. 

Now let it be noticed that these circumstances affect diversely 
the two transits of such a pair as we are now awaiting. U Fig. 7 
represents the Sun's disk, the north point being uppermost, then 
the lines ah^c d^ will represent chords of transit in 1874 (a h being 
the chord for a Northern, c d being the chord for a Southern observer) ; 
and a' 5', c' d' will represent chords of transit in 1882 (a' h' being 
the chord for a Northern, cf d' the chord for a Southern station). 

Now, it is manifest that in 1874 the conditions affecting the 
duration of the transit as seen at. a Northern station are adverse. 
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The chord a h Ib longer, owing to the northerly latitude of the 
observer ; but Venus is hastened on her course, and therefore the 
lengthening is not so great as it otherwise would be. We have 
then one &vourable and one unfavourable condition, the latter to 
some deg^e cancelling the former. (In some transits of the kind, 
the effect of rotation wholly cancels, or even more than cancels, the 
effect due to latitude.) The Southem station, if taken where, 
throughout the transit, the observer is on the portion of the disk 
represented without shading in Fig. 6, will give conspiring effects. . 
The chord of transit c d will be shortened, and Venus will be 
hastened on her course. Hence we have for this station two 

favourable conditions. In all we have three favourable conditions 

* 

Fig. 7. 




and one unfavourable condition — so that if the conditions are all 
equal in value we have a balance of only two ^Lvourable conditions. 
On the other hand, in such a transit as that of 1882 we can 
theoretically secure four favourable conditions. We have at the 
Northern station the shortened transit chord a! h/ and a hastening 
of Venus, or two conspiring conditions. At a Southern station we 
have the lengthened transit chord c' dy and by taking a station which 
throughout the transit lies on the shaded part of the disk (that' is, 
an Antarctic station passing below the pole diiring the transit hours), 
we have Venus retarded on her transit path, or again we have two 
conspiring conditions. In all, then, we have four favourable con- 
ditiona, or twice as many as we obtain for the balance of fiivourable 
conditions in 1874. • 
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This is theoretically sound. Moreover, it is quite commonly 
the case that the effects due to rotation are equivalent to those due 
to latitude, and that therefore the adverse conditions at a station 
placed as the Northern station in 1874, may be regarded as cancel- 
ling each other. In the celebrated transit of 1769, for example, the 
conspiring effects of rotation and latitude were nearly equal. The 
Astronomer Royal, in his * Popular Astronomy' (published in 1848, 
be it noticed), justly assigns to rotation 10 minutes out of the ob- 
served maximum difference of duration, 22 minutes. It does not 
seem rash to infer that he had this result in his thoughts (misleading 
him, in fact) when, after mentioning that the'Northem stations best 
placed as respects latitude would probably not be occupied in 
' 1874, he proceeded to remark in 1857 that the ' observable dif- 
ference * in the earlier transit would ' probably not be half of that 
in 1882.*' It is at any rate noteworthy that the investigation then 
made into the conditions of the transit of 1874 did not claim to be 
accurate on points of detail — in fact, the estimated epochs for the 
beginning and end of the transit were each of them in error by 
nearly a full hour. So that we may regard the opinion just quoted 
as based on the general considerations previously indicated, not on 
any exact investigations of the circumstances of the transit of 1874 
in points of detail. The use of the word * probably,' in fact, suffices 
to show this. 

But, be this as it may, it is unquestionably the case that those 
were the last words of the Astronomer Royal on the point in 
question — * the observable difference of duration' in 1874 *will 
probably not be half of that in 1882.' When he spoke again about 
the general subject in 1864, and again in 1865, he confined his 
remarks altogether to the transit of 1882. In December 1868 he 
remarked that HaUey's method had been shown to ' fail totally ' in 
1874. 

Now let us inquire how far this statement is justified by ^ts, 
when details come to be considered. 

Let it be noticed that at the Northern station the effect of rotation 
was supposed to cancel, or nearly so, the effect due to difference of 
latitude. In other words, at the best Northern station there would 
be scarcely any lengthening of the durations. This is a very simple 
issue, relating to a question of fact, not of opinion. Now, in May 
1869 (see p. 249), I stated that at Nertchinsk, in Siberia, the transit 

' See the ' Honthly Notices of the Astronomical Society 'for May 1857, 
p. 216. 
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would be lengthened by 15^ minutes. How considerable this 
lengthening is will be seen at once, when I point out that hj 
imagining the Earths rotation reversed, so as to conspire with 
the effect of latitude, we could only obtain as an absolute maxi- 
mum of difference (with the Sun suitably high both at ingress 
and egress) the value 21 minutes, so that we may regard 17|°^ 
as the difference due to latitude alone, and capable of being 
only affected 2^ either way by rotation ; and it never happens 
in any transit that the absolute maximum of difference is obtain- 
able. But now as to the accuracy of my statement : — Referring 
to the 'Nautical Almanac* for 1874, I find the following state- 
ments respecting the mean duration of the transit (for internal 
contacts and the duration at Nertchinsk Mines. At p. 434 : 

h m 8 
Internal Contact at Ingress . . « 14 15 24 G.M.T. 

„ „ Egress . . . . 17 57 26 

Consequently the duration of the Transit as 

seen from the Earth's centre is 3 42 2 

At p. 20 of the Appendix : 

NertchinBk Mines 

e / h m 

Lat 51 18 N. Int. Contact at Ingress, Dec 8, 22 8*2 Local T. 

Long. 119 36 E. „ Egress, „ 9, 2 5'3 

Consequently the duration of the Transit as 

seen at Nertchinsk Mines is 3 57'1 

Or the lengthening at this station is 3* 57" '1 - 3>» 42" 2- « 16" 4" 

Now, if it be noticed that the place dealt with in the * Nautical 
Almanac ' lies 42' of latitude south of Nertchinsk itself (at least 
according to the position given in 'Phillips's Atlas,* Index, p. 22), 
and that this difference corresponds to about 25 seconds of time in 
the duration' (which is, of course, reduced the further south the 
station is taken), it will be manifest how closely my graphic con- 
struction corresponds with the results of the calculations employed 
in obtaining the corresponding values in the ' Nautical Almanac' 

And if further confirmation be required let it be noticed that 
EuAsia has in a very practical way adopted the conclusion which 
I believe I was the first (o point out, by selecting Nertchinsk Mines 
as a station for observing the transit. This station is by no means 

' This will clearly be seen by marking in a point 42' south of Nertchinsk 
in Plates XV. and XVI. (which illustrated my paper in the May number of the 
* Monthly Notices' for 1869). . 
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good for appljing Delisle's mediod ; it is inferior to many Russian 
stations as respects the accelerated ingress, and to Orsk, Omsk, 
Tobolsk, Perm, Astrakhan, Odessa, and many other stations, as 
respects the retarded egress. It is, moreover, a situation which 
nothing but an amazing zeal in the cause of science could induce 
any astronomer to select as an observing station in December — 
since it lies close to the Northern pole of winter cold (it lies, in 
fact, on the isocheimenal of 18^ F. below zero). But because it is 
the very best Northern station fot applying Halley^s method, Russia 
has nobly undertaken to occupy it.^ This circumstance, apart from 
the confirmation it affords to the statements which I published four 
years ago, is one which ought to influence this country strongly, 
if it should be demonstrated (as I hope to demonstrate a page or 
two further on), that there are corresponding Southern stations, 
which this country could occupy, if not less zealous than Russia in 
the cause of science. 

But doubts may still remain whether in stating that ' the ob- 
servable difference in 1874 will probably not be half of that in 
1882,' the Astronomer Royal had the difficulty of finding a Northern 
station alone in view. Let us, therefore, inquire what is the ob- 
servable difference, not as between the best Northern station and 
the mean duration, but as between the best Northern station and 
some accessible Southern station. 

Here, adopting the opinion strongly expressed by the Astronomer 
Royal (as I shall presently show), that an Antarctic station ought to 
be occupied if suitable time-differences can thus be secured, we 
have a very wide choice of places suitable for reconnaissance. But 
selecting only a station which is known to be accessible, and has 
been advocated by eminent naval men and geographers (see the 
'Monthly Notices' for December 1868, and compare the opinions 
of Captain Richards, Admiral Ommanney, and Commander Davis), 
namely, Possession Island, near South Victoria Land, let us compare 
the difference between the durations at this station and Nertohinsk 
with the nmximum observable difference to be obtained in 1882. 
Still further to fiivour the transit of 1882, let us in its case take as 
the Antarctic station Sabrina Land, though the naval authorities 
above referred to could find nothing to say in its favour. At this 
latter station, as compared with the best Northern stations in North 

' It -was soon after known that Russia will occupy d^ven stations for ap- 
plying Halle/s method. 
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America, there is, according to the Astronomer Royal's correct 
estimate, a difference of 28™ very nearly. Now, at Possession 
Island the transit of 1874 will be shortened 6» at the beginning, 
and 11™'4 at the end, or 17"»-4 in all. Adding this interval to tlie 
lengthening by 15*°*! at Niartchinsk Mines, we obtain a difference 
of 32"-5, that is, a greater observable difference than in 1882 in the 
proportion of more than 7 to 6. 

But this is far from being all. As a matter of fact, not only 
is Sabrina Land useless in 1882, because the Sun's elevation at 
ingress will be only about 4°, but Possession Island (where the 
difference of duration will be reduced to 24"*) is also useless, 
because the Sun's elevation will be only 5^ at ingress ; and there 
is no other station where HaUey's method can be applied at all 
advantageously in 1882. 

Now, in 1874 none of these difficulties present themselves. At 
Possession Island, which would render available the excellent time- 
difference of 32^ minutes, the Sun will be 38^ high at ingress and 
20^ high at egress. At Sabrina Land, if this station could be made 
available, there will be the same time-difference, and solar eleva- 
tions of 45^ and 43^ at ingress and egress respectively. At Ad^lie 
Land the same time- difference, and the respective solar elevations 
of 45° and 34^. And lastly, as respects Antarctic stations, at 
Enderby Land there will be the yet greater time-difference 85^ 
minutes, and solar elevations 2(f and 39^ respectively at ingress and 
egress. 

And next, I would invite special attention to the distinct, I 
may even say the emphatic manner, in which the Astronomer 
Royal, speaking as the representative of British astronomy, has 
marked his sense of the duty of this country in the matter of the 
coming transits. In what I am about to quote he is speaking 
throughout of the transit of 1882, but the application of his remarks 
to the earlier transit (now that the superior advantages of Antarctic 
stations in 1874 has been demonstrated) cannot fail to be generally 
recognised. 

In 1857 the Astronomer Royal's remarks were thus reported 
(* Monthly Notices ' for May 1857, p. 216) : * The southern tract 
is a part of the Antarctic land discovered by Lieut. Wilkes, of 
the United States Navy,' included between Sabrina Land and 

> This Antarctic * land ' had, however, been tailed over by Bobs in 1846-7 ; 
and in the later discnssion of the subject Sabrina Land was sabBtituted for 
Wilke6*s snppoaed continent ! 
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Bepulse Bay. The Astronomer Rojal is informed by General 
Sabine that December 6 is rather early in the season for a visit to 
this land, but probably not too early, more especially as firm ice 
"will be quite as good for these obserrations as dry land. ... It 
would be extremely desirable that the country should be recon- 
noitred some years before the transit.' (The whole passage should 
be studied, but space will not permit me to quote any considerable 
portion of the passages I refer to here). Again, in the same Report 
(p. 221): 'The Astronomer Hoyal argues that the future astronomical 
public will not be satisfied unless all practical use' (probably a 
niis-report for ' practicable use ') ' is made of the transits of Venus 
in 1874 and 1882, and that for these the determination of some 
distant longitudes, and a reconnaissance of Wilkes' Land, must be 
effected within a few years.' 

The next remarks of the Astronomer Eoyal on this subject 
appeai-ed in the 'Monthly Notices' for June 1864, pp. 173-177. 
In this paper, after considering the circumstances of the transit of 
1882 (leaving that of 1874 unmentioned), he proceeds to say : * On 
the whole, I think it very desirable that a reconnaissance should be 
made of the points under consideration, and that it should not be 
long deferred. The first locality to be examined is that in 7^ east 
longitude, between Sabrina Land and Repulse Bay ; and the points 
to be ascertained are, (1) whether the coast is accessible in De- 
cember 6 ; (2), whether a latitude of 65® can be reached ; (3), 
whether the Sun can be observed ' (under certain conditions which 
affect the problem unfavourably in 1882, but have no existence in 
1874). ' Should the answer to the first or third questions be 
negative, then it would be proper to examine other portions of the 
south continent, say in longitude not very different from 4^ west, 
but with no particular restriction except that of gaining the highest 
possible south latitude.' 

The next reference to the subject appeared in the 'Monthly 
Notices' for May 1865, pp. 201-203, and the Astronomer Royal's 
remarks on this occasion are so excellent in themselves, so thoroughly 
apropos of the present geographical position, and apply so forcibly 
to the circumstances now known to exist in the case of the transit 
of 1874, that I venture to quote them nearly in full. The paper 
bears the title, ' Letter from the Astronomer Royal to Sir R. L 
Murchison, K.C.B., President of the Royal Geographical Society.' 
It runs thus :^ 

'I have learned, through the public papers, the tenor of late 
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discussions at the Royal Geographical Society in reference to a 
proposal for an expedition towards the North Pole. I gatlier from 
these that the object proposed, as bearing on science, is not so much 
specific as general ; that there is no single point of very great im- 
portance to be obtained, but a number of co-ordinate objects whose 
aggregate would be valuable. And I conclude that the field is 
still open for another proposal, which would give opportunity for 
the determination of various results, corresponding in kind and 
in importance to those of the proposed Northern Expedition, though 
in a different locality, and would also give information on a 
point of great importance to astronomy, which must be sought 
within a few years, and which it is desirable to obtain as early as 
possible. 

' In the year 1882, on December 6, a transit of Venus over the 
Sim^s disk will occur ; the most favourable of all phenomena for 
K>lution of the noble problem of determining the Sun's distance 
from the Earth, provided that proper stations for the observation 
can be found. (It will be remembered that it was for tlie same 
purpose that the moAt celebrated of all the British scientific expedi- 
tions, namely, that of Captain Cook to Otaheite in 1769, was under- 
taken. The British part of the enterprise was perfectly successful ; 
but there have always been doubts of the accuracy of the corres- 
ponding observations in Lapland, which render a repetition of the 
observation very desirable.) In the "Monthly Notices of the Royal 
Astronomical Society " for June 10, 1864, I have very carefully 
diiv^ussed the circum-stances of the coming transit, in reference to 
the selection of observation-stations. For the Northern stations 
there will be no difficulty ; they will be on the Atlantic seaboard of 
North America, or at Bermuda; all very favourable and very 
accessible. For the Southern stations the selection is not so easy ; 
the observation must be made on the Antarctic continent; if proper 
localities can be found there, and if the circumstances of weather, 
&c., are favourable, the determination will be excellent ; if those 
favourable circumstances do not hold, no use whatever can be made 
of the transit.' 

Then follow certain sentences from the cited ' Monthly Notices,' 
sentences bearing on the selection of Southern stations, and including 
the passages which I have quoted above. The Astronomer Royal 
proceeds as follows : — 

*• The astronomical object of a Southern Expedition is, I trust, 
sufficiently explained in the sentences which I have quoted* la the 
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event of such an expedition being undertaken, the precise deter- 
minations which I have indicated as bearing on the astronomical 
question must (from the nature of the case) take precedence of all 
others. But there would be no difficulty in combining with them 
any other inquiries, of geography, geology, hydrc^raphy, magnetism, 
meteorology, natural history, or any other subject for which the 
localities are suitable. 

' And I have now to request that you will have the kindness to 
communicate these remarks to the Royal Geographical Society, and 
to take the sense of the Society on the question, whether it is not 
desirable, if other scientific bodies should co-operate, that a repre- 
sentation be made by the Royal Geographical Society to Her 
Majesty's Government on the advantage of making such a recon- 
naissance of the Southern Continent as I have proposed ; primarily 
in the interest of astronomy (referring to my official responsibility 
for the importance of the examination at this special time) ; but 
conjointly with that, in the interests* perhaps ultimately more 
important, of geography and other sciences usually promoted by the 
Royal Geographical Society.' 

I need scarcely remind my readers of the paper read before the 
Society by the Astronomer Royal in December 1868. Nevertheless, 
it is necessary, first, to point out that at that late epoch the error 
respecting the transit of 1874 still remained uncorrected, and that 
the Astronomer Royal then (see p. 33 of the ' Monthly Notices * for 
December 1868) repeated that * the method by observation of the 
interval in time between ingress and egress at each of the stations 
at least, on nearly opposite parts of the Earth, &ils totally for the 
transit of 1874.' At that time also, notwithstanding the relatively 
unfavourable circumstances for applying this method (Halley's) to 
the transit of 1882, and the very favourable conditions imder which 
Delisle's method can be applied in 1882, he urged that only three 
stations should be occupied for Delisle's method in that year, the 
instruments of the five 1874 expeditions, * thus set iree fix)m two 
stations,' being requii*ed at an observing station on the Southern 
continent He had now so far changed his mind as to the method 
of dealing with Antarctic difficulties, as to speak in the following 
terms: — ' The choice of station being made,' he said, ^ I would not 
recommend any reconnaissance, but I would propose that an expedi- 
tion should go direct to the selected point in good time for the 
observation of the phenomenon. The season is early for South 
Polar expeditions, and any difficulties produced by ice would 
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probably diminish every day. A statdon being gained, all that is 
necessary in the way of subsidiary obsenration is, a few days* obser- 
vation to give clock-rate ; then the clock times of the two phenomena 
will furnish all 'that is required. The first action to be under- 
taken by the Government,' ho proceeds (and I invite special 
attention to the point), * is to procure the stock of instruments, and 
this ought to be done without delay. An observing plant like that' 
(described in the earlier part Of the same paper) ' is not to be 
obtained in haste, and the proposed expedition might be entirely 
crippled by a small negligence on this point. The equipment of 
ships and the selection of officers would probably require much less 
time.' 

It will be noticed that if such a plan as this could be followed 
out in 1874, the necessity of wintering in Possession Island would 
be avoided. However, it appeared to the naval authorities who 
followed the Astronomer Koyal in addressing the meeting, that the 
more certain course for achieving the desired result would consist in 
the preparation of an expedition to winter in Possession Island. I 
quote the following passages as bearing specially on the feasibility 
of such an expedition : — 

Admiral (then Captain) Richards, Hydrographer to the Admiralty, 
said : ' My own opinion, looking to the uncertainty of finding a 
wintering station for a ship, is that landing a par);y on Possession 
Island,' or one of the islands tother south, 'would be the most 
feasible course, and there would be little doubt of the &cility of 
reaching one or other of these islands with a suitable steam-vessel, 
making Tasmania or New Zealand the base .of operations. Doubt- 
less a year passed in this region would be most profitably employed 
in adding to our knowledge of magnetism, and various other 
branches of physical science.' 

Admiral Ommanney said, inter alia : ' I fiilly concur in all that 
has follen firom the Hydrographer to the Navy, and hope ere long to 
hear that operations are making for sending out to explore the 
Antarctic Seas.' 

Commander J. A. Davis, who had accompanied Sir James Ross 
in that most gallant expedition during which Victoria Land was 
discovered, and who had himself landed at Possession Island, said 
that ' he believed there would be no difficulty whatever in again 
effecting a landing in the same place.' ' With regard to the period 
of the season at which the transit took place, it was £o be 
remembered that the 6th of December was so early that no ships 
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had ever reached the Antarctic Circle by that date ; and as it would 
be necessary to arrange the instruments, &c. preparatory to the 
observation, he might say that the ships ought to be on the spot 
at least a month before. This would be the 6th of November, a 
date alt4?gether out of the question ; and as the ships could not 
winter in the South, the party would necessarily have to land 
the year before ; but with gSod tents he had no doubt they could 
pass the winter very comfortably' (this, of course, and what 
follows, will not be taken strictly au pied de la letlre) : * they 
would have a pleasant prospect before them, and plenty of penguins 
to live on. In comparison with Kerguelen Island and the 
Crozet«»/ he proceeded, * the chances of observing the transit — 
meteorologically speaking — ^would be greatly in fevour of South 
Victoria.' 

Captain Toynbee also expressed an opinion strongly adverse 
to the meteorological chances at Prince Edward's Islands, the 
Crozets, and Kerguelen Land, since their neighbourhood is, he said, 
* so far as my experience goes, subject to a great deal of thick 
weather.' 

It remains only to mention that Plate XVIII. which illustrates 
this paper, besides being useful in showing the path of Venus's centre 
across the Sun's disk, as seen from the stations named, and indi- 
cating the corresponding path for any station whatever, affords an 
independent proof of that which, however, has already been abun- 
dantly demonstrated — the fact, namely, that Halley's method is most 
advantageously applicable in 1874. The chart requires little 
explanation. The simplest geometrical considerations will show 
that, imagining a long line to extend through Venus's centre at any 
moment during transit to the Earth on one side, and the Sun on the 
other ; then if the end towards the Eartih be supposed to be carried 
swiftly along the outlines of the terrestrial continents, and over the 
meridians and parallels, the end towards the Sun would trace out 
such projections as are shown in the chart. Moreover, it is manifest 
that from whatever point on the Earth such a line extends, the 
point in which the line meets the Sun is that on which Venus's centre 
is at the instant projected. Accordingly, we have only to determine 
the aspect of the Earth^s disk as seen from the Sun at any instant, 
and the position of Venus's centre, on the Sun's disk, as seen from 
the Earth's centre at that instant, to have at once the means, by 
constructing such an inverted projection as is seen in the successive 
pictures of the chart, of determining the apparent position of Venus's 
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centre as seen at that instant from any point of the Earth's sunlit 
hemisphere. 

The chart itself shows clearly the relation between the strip of 
the Sun's disk (divided into three portions in the chart) and the 
outline of that disk. Moreover, the circles marked -J© +i ? , and 
^0 — ^9 indicate by their intersection with the various transit 
chords, where external contact and internal contact respectively take 
place; for, manifestly, when Venus's centre, as seen from any 
station, is on the circle marked ^0.+^ 9 (that is, is at a distance 
from the Sun's centre equal to the sum of his radius and Venus's) 
Venus must be at the moment, and as seen from that station, in 
external contact; and similarly she must be in internal contact 
when her centre, as seen from any station, is on the circle marked 

i©-i9. 

But Plate XIX. serves to show more clearly how the illustrative 
chart is to be interpreted. It shows the northern half of the Sun's 
disk, and indicates the relative dimensions of the disk of Venus and 
the Sun, as well as the maximum parallactic displacement of Venus. 

I apprehend that it has been demonstrated that (i.) the Astro- 
nomer Royal's first and only discussion of the suitability of Halley's 
method in 1874 was based on insufficient evidence, was in itself 
incomplete, and led him to an erroneous opinion ; (ii) that not only 
is the method more advantageously applicable in 1874 than in 1882, 
as regards time-difference, but that the objection of low solar 
altitude at a critical phase in 1882 has no existence in 1874 ; (iii) 
that the Astronomer Koyal himself warmly advocated the equipment 
of Antarctic expeditions for viewing the transit of 1882 by Halley's 
method, notwithstanding the known difficulties ; and (iv) that the 
best naval authorities on this special subject concur in regarding 
Antarctic expeditions for viewing a transit early in December as 
altogether practicable. 

The conclusion directly deducible from these results cannot be 
mistaken. England's duty is more than manifest; it has been to 
all intents and purposes admitted by her astronomical and nautical 
official representatives. And I cannot but express my conviction 
that it will be little less than a national calamity, as assuredly it 
will be scientifically most regrettable if any considerations, either 
of convenience or of personal dignity on the one hand, or of false 
courtesy on the other, should lead to the loss of opportunities 
which will not be again available for many years to come. 

From the Monthly NoHaaofthe Astronomical Society for March 1878. 
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THE DIRECT METHOD OF OBSERVING 

TRANSITS. 

Vert early during my examinAtion of the subject of the approaching: 
transits, I was led to adopt and state the opinion that the parallactic 
displacement of Venus and thence the Sun*s parallax, might, in the 
present state of instrumental astronomy, be determined at least as 
accurately by direct measurement of Venus's position at successive 
epochs of her transit as by either Delisle*s or Halley's method. It 
appears impossible to eliminate the error resulting from the clinging 
of Venus to the Sun*s limb, after ingress and before egress ; and 
although several contrivances have been suggested for reducing this 
error, it is doubtful whether any of them will prove successfbl. It 
remains to be shown, moreover, whether photography can be suc- 
cessfully applied to determine the parallactic displacement of Venus. 

I find that the German astronomers have for some time recog- 
nised the advantages which would probably result from such pro- 
cesses of measurement as I have mentioned ; and their selection of 
Tchefoo, where the whole transit will be observable, indicates in a 
marked manner their preference for the direct method, since Tchefoo 
is not an exceptionally advantageous station for observing the 
accelerated ingress, and still less for observing the retarded egress. 
It is also inferior to other Northern stations for applying Halley*s 
method ; and indeed German astronomers have definitely indicated 
their preference for the direct method. 

The American astronomers have also adopted a fiivourable opinion 
as to the direct method. 

It appears to me that if English astronomers are to base their 
methods of procedure on foreign opinions (a growing fashion which 
I myself am far frt>m turging as desirable), attention might not 
disadvantageously be directed to the considerations resulting from 
the above-mentioned opinions of German and American astronomers. 
It is easy to perceive what these considerations are. 

In the first place, it is manifest that, caieria parilmSj those 
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fltations will be most advantageonB wbioh show the whole transit 
under the most &Yoiirabld conditiona; and in comparing these 
stations, we should regard that station as the better which shows the 
greater proportion of the transit iavourably. So that, so &r as this 
method of observation is concerned, our selected stations at Woahoo 
and Alexandria would be altogether inferior to such a station as 
Tchefoo, since at Woahoo the Sun sets before half the transit has 
taken place, and at Alexandria more than half the transit is already 
over when the Sun rises. 

It is probable, however, that few would be disposed to sacrifice 
such a station as Woahoo, where Delisle's method is applicable 
under conditions exceptionally advantageous. But it may be worth 
while to inquire whether so much can be said in fitvour of Alex- 
andria : in &ct, it appears to me that but one answer can be made 
to this question, so &r as it relates to the action called for on 
England's part. 

To begin with, it seems not wholly unreasonable to expect that 
either Italy or Greece should occupy the only really advantageous 
Mediterranean station. Moreover, France is to occupy Suez, and 
the circumstances of the transit at Suez and Alexandria will be 
veiy nearly identical, as can be seen at once from Plate XVUi. 
which illustrates the present essay. 

But it is when we compare the circumstances of the transit at 
Alexandria with those which will be presented at North Indian 
stations, such as Pe&hawur, Delhi, and so on, that we find most 
occasion to regret the tmfortunate accident by which these North 
Indian stations came to be so long and so completely overlooked. 

As respects the application of Delisle*s method, the advantage of 
Peehawur is sufficiently marked. The retardation is indeed but a 
third of a minute greater at Peshawur than at Alexandria. But the 
Sun is imfortunately very low at Alexandria — only 14^ above the 
horizon — when egress occUrs, whereas at Peshawur the Sun wiU be 
more than 3V above the horizon. 

The main point, however, — ^and I conceive it to be an extremely 
important point — is that at Peshawur, at Delhi, and at many stations 
over the r^on between these places, the whole transit will be 
visible, and therefore processes of direct measurement can be most 
effectively applied. When we add to these considerations the cir- 
cumstance that it is much more manifestly the duty of Great Britain 
to occupy this advantageous region in her own territory than to 
occupy Alexandriai but one opinion can be formed* 
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I dwelt on theie ooncdderatioiiBi some nine monthB einoe, in 
a letter addresBed to the Astronomer BojaL He pointed out tha;t 
it was easier (and more advantageous to geography) to determine 
the hititade of Alexandria than that of Peehawur, and moreover that 
the position of Peshawnri near the Khyber Paaa, was altogether 
nn&YOUiable. Knowing something, however, of the seal wiih which 
the survey of India is being prosecuted, and of the importance of 
several exact determinations of the longitudes of Indian stations, I am 
not altogether convinced that the determination of the longitude of 
Peahawur would present insurmountable difficulties or be utterly 
useless in a geographical sense. I observe also that the Indian 
railway system is to be extended to Peshawur, and therefore I 
venture to surmise that the place is not altogether inaccessible. 

I note, in conclusion, that stations useful for HalLey's method are 
(in the present instance) always useful, and sometimes among the 
very best stations for Delisle's method, while they are manifestly 
the most advantageous stations for the direct method. The inference 
is too obvious to need enforcing. 

From the 2£<mtkly Naiiou qfthe ArironomUal Society tor Mazch 1878. 
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mSK OF ABSOLUTE FAILURE. 

I OBSERVS that, in Mr. Penrose's valuable contribution to the dis- 
cussion of this subject, he overlooks certain considerations relative 
to Southern stations, which are I think extremely important. In 
fact, none of the papers on the transit which I have hitherto seen 
dwell with adequate force on the circumstance to which I am about 
to invite attention. 

It does not seem to be noticed that there is great risk of the whole 
series of observations of the transit being rendered useless for want 
of an adequate number of Southern stations. 

At Kerguelen's Island bad weather is more than likely ; it is all 
but certain, as any one can ascertain by studying Sir J. C. Ross's 
narrative of his Southern voyages. The same remark applies to 
Crozet Island, which, however, has not as yet been selected by any 
country. Observations in Tasmania and South Australia will not 
be of great value. There remain then only Rodriguez, Mauritius, 
and Bourbon, ibr retarded ingress, and the New Zealand stations for 
accelerated egress. If bad weather prevails over the group of islands 
first named, and also in New Zealand, it is all but certain that the 
whole affair will end in complete failure. Be it noticed also, that good 
weather in either region would only avail for Delisle's method, and 
would be insufficient if bad weather prevailed at but one region of 
Northern stations. 

Let the chances, as matters are at present arranged, be but 
carefully weighed, and I feel assured it will be recognised that 
there is very great occasion for anxiety as to the result. Northe^ 
chances outweigh Southern chances ten to one, but the balance 
counts for nothing. Success depends altogether on observations 
being made in both hemispheres. 

Hf however, we consider only the chances relating to three out 
of the four methods on which astronomers as a body place reliance, 
the matter assumes a much more serious aspect. The four methods 
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are Deliale^s, Halley*a, the photographic method^ and the direct 
method. Take now the last three. For the application of these 
methods theRuaaianB have made ample provimon, so have the 
American astronomers, and the Germans will occupy at least one 
station, Tchefoo, specially for these methods. Every preparatioa 
is being made, in &ct, for Northern work (except only that our 
North Indian region, available for these methods as well as Delisle^a, 
is not sufficiently provided for). But now what is there to balance 
all this, in the Southern hemisphere? Of really first-class stations 
there are hut three which have even been mentioned — viz.^ Crozet 
Island^ Macdonald Island^ and Kerguelen Island, Of these only 
Kerguelen Island has been actually selected ; and here had tveather 
is almost a certainty. Of the other stations, — Canterbury {N.Z,\ 
Chatham Island, Bourbon, Mauritius, and Rodriguez, — it is only 
necessary to remark that they are very inferior for these three im- 
portant methods. 

It is on this account chiefly that I have been earnest in my 
appeal for the occupation of Antarctic and sub- Antarctic stations. 
If anything were required to add to my anxiety on this subject, it 
would be found in the manifest reliance placed by Russia, America, 
and Germany on liie methods in question. 

I am concerned to think that reconnidssances over the regions 
between Kerguelen Island, Enderby Land, PoRsession Island, and 
Auckland Island, may be absolutely necessary for a proper choice 
of stations ; that such reconnaissances might have been made since 
I first dwelt on these matters four years ago ; and that possibly had 
I been earnest in advocating these considerations during the last 
four years, either Great Britain or America might before this have 
found suitable observing stations in the above-named r^on. I 
judged it best simply to indicate the state of the case and wait. I 
fear I may have been mistaken, though it is difficult to see what 
could have been done until the approach of the event itself and the 
declared intentions of other countries enforced attention to the cir- 
cumstances I have touched upon. I trust it may still not be too 
late to provide for an adequate number of Southern stations suf- 
ficiently for apart to give proper chances of success. I do not hesitate 
to say that in my opinion the provision hitherto made is altogether 
inadequate, so far as Southern stations are concerned. 

From the Monthly Notices of the Jstronomical Society for April 1873. 
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APPEAL TO AMERICA. 

[A note addressed to the Astronomers of the United States, on the 
subject of the approaching Transit of VenuSy at the suggestion of 
a distinguished European Astronomer,^ 

DuRiNa the course of correspoDdence which I have had on the 
subject of the approaching transit of Venus with one of the most 
eminent astronomers of this or any country, the idea has been sug- 
gested to me by him that advantage would result to science if an 
appeal were made to America to famish forth expeditions to the 
Antarctic and sub-Antarctic r^ons for the purpose of making 
those southern observations without which the northern observations 
at Halleyan stations will be altogether useless. ' America has 
frequently shown great interest,* he remarks, * in Southern exploia- 
tion, while she also possesses good telescopes and competent observers 
to use them. Let both countries do their best, and science, which 
is of no country, wiU benefit all the more.* 

I gladly act upon this suggestion, remarking only that while I 
recognise the abstract justice of the proposition that science is of no 
country, I cannot altogether free myself from the hope which I 
have long entertained and expressed, that in the struggle to advance 
Bcientific knowledge this country may worthily n^aintain her 
position. 

My appeal to America is based on considerations which I 
baye already urged elsewhere. If the great problem for which 
the coming transits are to be observed is really important to 
ficience (on which point no one, I suppose, can entertain any 
question), then the circumstances to which I advert are of no light 
Bignificance. 

We need not closely inquire whether one interpretation or 
another of the peculiarities of internal contact be correct It is not 
H question whether one or another method have some slight or 
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even conBiderable advantage. Nor again is it a question whether 
this or that Antarctic or sub- Antarctic station can be occupied 
or not. 

What I urge on our American fellow-students of astronomy, 
as I have urged and still urge at home, is the adoption of arrange- 
ments for occupying many stations in the Southern hemisphere, 
lest the whole matter end in failure, or in a success so partial as 
to compare yery unfavourably with what was accomplished in 
1769. I mention as a mere detail, that the distinguished astronomer 
whose advice I am foUovring, altogether concurs in mj opinion that 
the duration of the transit should be observed at as mim j &yourabIy 
situated Southern stations as possible. And every one who consi- 
ders what Russia, America, and Germany are preparing to do at 
northern stations, — no less than sixteen of which are to be occupied 
where durations can be favourably observed, — ^must feel how 
necessary it is to call attention to the &ct that at present there are 
but four or five third-class Southern stations for observing durations, 
and only one first-class station. But though I cannot but dwell on 
this fact, fortified as it is by the circumstance that the photographic 
and direct methods are equally ill provided ibr, I do not rest my 
appeal on details of the sort It is the risk of absolute failure, and 
the certainty that the Southern stations hitherto provided for are 
insufficient in number, to which I earnestly invite the attention of 
American astronomers.^ 

The region to be occupied is indicated in the chart which 
appears in the present monthly number. Of Antarctic stations there 
are Enderby Land, Sabrina Land, Ad^lie Land, and Possessioa 
Island, as well as the whole region (including these places) surveyed 
by Wilkes, Ross, D'Urville, BiUingshausen, and others. Of sub- 
Antarctic stations there are Kemp Island, Macdonald Island, 
Emerald Island, the Crozets, Royal Co. Island, and others, very 
uninviting beyond all question, but doubtless including several 
accessible stations. Unfortunately there is now little time for preli- 
minary survey during the Antarctic summer of 1873-74 ; but if 
such survey cannot be undertaken, then in the autumn (or Ant- 
arctic spring) of 1874, two or three ships (preferably steam ships) 



* Granting even that fine weather prevailed at each of the few Southern 
stations, the probable error of the resulting determination of the solar parallax 
must necessarily be enhanced when the Southern stations are so few compared 
with the Northern. 
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might proceed direct to the region indicated, each conyeying two 
or three well-proyided observing-partieg, and combining reconnais- 
sance with the occupation of stations as they were successiyely 
selected. 

That it is perfectly in the power of this conntiy and Ajnerica 
to ensure the requisite number of Southern obsenrations of the 
coming transit, I am satisfied. There is, it is true, no time ibr 
delay. Energy and skill will be wanted; but they haye neyer been 
looked for in yain in such circumstances. The expeditions which 
would haye to be made would be no pleasure-parties, nor would 
they be free from difficulties and dangers sufficient to tax the 
courage eyen of British and American seamen. But these yery 
considerations encourage the students of science in both countries 
to belieye that the required effort will be made. That it should be 
made, if failure is to be ayerted, does not seem to me to be open to 
the slightest question. 

. Ftom the Monthlif NoHoei of tke Mtranomical Society for May 1878. 
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ON A STEREOGRAPHIC CHART OF THE TRANSIT 

OF 1874. 

ACTION OF THB GBBXNWIGH BOARD OV TISITOBS. 

At the' Visitation of the Oreenunch Observatory on June 7, 1873, it 
was proposed by Professor AdannSy and carried unanimously^ thai 
Oovemment should be applied to for the means of organising 
parties of observers in the Southern Ocean, with ihe view of 
finding additional localities in the sub-Antarctic regions for 
applying Halley^s method to the observation of the transit of 1874. 

Plate XX. is intended to illustrate a relation to which Profeasor 
Adams called attention at the last meeting of this Society. If we 
disregard the rotation of the Earth during ingress or ^ress, and 
also n^lect the curvature of Venus's shadow-cone where it crosses 
the Earth, it is manifest that, the points where the shadow touches 
the Earth first and last, at ingress or at egress, are respectiTelj 
antipodal, and may be regarded as the poles of a series of circles of 
equal acceleration and retardation, of equal value thereibre for 
applying Delisle's method. Moreover, these circles manifesdj 
indicate a value proportional directly to their distance from the 
plane of the great circle having the before-mentioned points as poles. 
The intersections of these circles indicate points of a particular 
value for Halley*s method, the excess or defect of duration being 
(i) the sum of the corresponding accelerations or retardations where 
each of two intersecting circles indicates a time-difference of the 
same Idnd, or (ii) the excess of acceleration over retardation, or of 
retardation over acceleration where the time-differences are of 
different kinds. It is readily seen that if points of equal value for 
Halley*s method are connected, the connecting curves are a sexies of 
circles, having as poles the points midway between the poles of 
maximum retardation and those of maximum acceleration. More- 
over, these circles, like those of equal value for Delisle's method, 
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indicate values directly proportional to their distance from the plane 
of the great circle having these mid-points as poles. 

In my chart the several cnrves corresponding to these circles have 
been drawn ; but all the corrections depending on the EartKa rota- 
tion during ingress and egress, and on the curvature of the shadow- 
cone, have been carefuUy taken into account. 

The dotted red^ curves are those indicating the loci of points of 
equal value for Delisle's method, and the red curves indicate the 
loci of points of equal value for Halley's method. The actual 
accelerations or retardations in minutes, and the differences of 
duration, have been indicated in red letters. 

The interpretation of the chart, and the regions indicated as 
suitable for the various methods proposed to be employed, will be 
manifest even on^a very slight inspection of the chart. 

> As a mle, I prefer to have only one printing in a chart of this sort, where 
eyery line has been laid down with scmpnlons accnzacj, because the colonred 
lines may not be printed quite oorrectlj. Bat in the present case, the map 
woold have been oveicrowded bj black lines, unless red had been used. To 
learn the amount of enor in * restoring/ it is only necessaiy to compare the 
red and black impressions of the small cross lines indicating the points of 
maximum acceleration and retardation. 

From the Monthly Notices qf the Jstronomieal Soeietg for May 187S; 
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NOTE EXPLANATORY OF A STEREOGRAPHIC 
PROJECTION OF THE TRANSIT OF 1882. 

It seenui to me vexy desirable, in considering what preparations 
should be made for observing the tranut of 1874, to take carefully 
into account the relations which will be presented during the 
transit of 1882. To neglect this precaution would, in my judgment, 
be as serious a mistake as for one nation to arrange its plana for 
either transit without a careful reference to the arrangements of 
other nations. It has been with the object of supplying this want 
that I have constructed the accompanying chart of the transit of 
1882 ; for although the circumstances of the later transit have been 
to some degpree considered (by myself amongst other students of the 
subject), I do not think they have as yet been su£5ciently brou^t 
into comparison with those of 1874. A comparison has indeed 
been instituted between the two transits in the * Monthly Notices * 
for December 1868, wherein it is remarked, that Halley's method 
* fiiils totally for the transit of 1874, and is embarrassed in 1882 
with the difficulty of finding a proper station on the almost unknown 
Southern continent.' This statement, however, does not by any 
means accord with the results of my own investigation. On the 
contrary, I find that Halley's method may be said to fiiil totally in 
1882 ; while, as is now well known, I find (I may even say I have 
demonstrated) that Halley's method is the best of aU methods 
depending on contacts^ for 1874. 

So much, with reference to the comparison between the two 
transits, I maintained in 1870 in Appendix I. to my treatise on the 
Sun. Mr. Penrose has arrived at a similar conclusion as to the 
general superiority of 1874 for contact observations ('Monthly 
Notices ' for April last). Quite recently M. Puiseux has enunciated 
the same view in a communication to the Paris Academy, which I 
find thus summarised in ' Les Mondes ' : — * Le passage de 1874 sera 
notablement plus avantageux que le suivant pour la determination 
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de la parallaxe solaire, par lea obseiratdons de contact, c*est-^-dire 
par la m^thode qui, apr^s tout, donnera probablement les meilleures 
r^eoltats. 11 est done k d^sirer que rien ne soit n^lig6 pour 
assurer dans les meilleures conditions Fobseryation du prochain 
passage. . . . On pouxra, en effet, sans sortir des regions facilement 
accessibles, obtenir en 1874 des diffl^rences de dur^ de passage 
s'^l^yant a 26 minutes, des differences d'heures d'entr^ de 21 
minutes, et des difi)^rences d'heures de sortir de 18 minutes, tandis 
qu'en 1882 ces differences se r^duiront la premise k 16 minutes, 
et les deux autres & 15 minutes.' 

A brief study of Plate XXI., and a comparison between this 
plate and Plate XX. illustrating the transit of 1874, will suffice not 
only to confirm these statements (and my own statements to the 
same effect in 1871), but to show on what circumstances the 
superiority of 1874 over 1882 for Halley's method depends. I 
may remark, indeed, that the superiority of 1874 for Delisle's 
method is more apparent than real, being to a great extent (Mr. 
Stone thinks wholly) coimterbalanced by the slowness with which 
Venus crosses the Sun*s limb in 1874. 

I would invite special attention to the position of the Halleyan 
curve marked o in the two maps, which curve may be called the 
Halleyan equator, since it marks the curve on the Earth where the 
duration has its mean value. It will be seen that this curve lies 
much fiirther south for 1882 than for 1874. It leaves a very 
limited region outside the Antarctic circle, and if we take lines 10^ 
from the curves marking where transit begins and ends at sunrise 
and sunset, these lines being taken within the region where the 
whole transit is seen, it is found that the region of the Earth where 
the duration will be less than the mean, with a Sun not less than 
10^ above the horizon both at ingress and egress, is very limited 
indeed. But in 1874, on the unfavourable or northern side of the 
Halleyan equator, we can find places where an excess of duration of 
more than 15 minutes, with the required conditions as to altitude, 
can be obtained. 

If we assume, in fact (which I think will be generally admitted), 
that no station can be regarded as suitable for Halley's method 
where the difference between the actual duration and the mean 
duration is less than half the maximum acceleration or retardation, 
or where the Sun is less than 10 d^;rees high at ingress or egress, 
then absolutely no station whatever is available in 1882, unless the 
South pole can be approached much nearer even than it was 
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Itpproaclied bj Sir JaB. C. Ross in the &mou8 expedition wben 
FoaseflBion Island was discovered. 

I confess that the prospect of successful observation at Pos- 
seasion Island, with a Sun only 5^ high at ingress, seems to me so 
slight that I should hear with regret of any attempt to cariy 
out the suggested scheme for wintering at Possession Island 
in 1882. 

From the Monthly NbUees qf the Astronomical Society for June 1878. 
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A NEW METHOD OF OBSERVING THE TRANSITS 

OF VENUS. 

Mr. E. L. Garbett has Gommunicated to me bis views respecting a 
method of observing the approaching transits of Venus, which 
appears to offer considerable advantages. He suggests the applica- 
tion of photography with special reference to the middle of the 
transit — that is, that stations should be selected where at the middle 
of the transit Venus will be most displaced by parallax from and 
towards the Sun*s centre. This differs from Dr. De la Rue's 
original proposition, in which stress was laid, if I remember rightly, 
on die determination of the distance of Venus at mid-transit from 
the Sun's centre by the comparison of photographs taken during 
the whole progress of the transit What Mr. Garbett proposes is 
that attention should be directed solely to the determination of the 
distance of Venus from the Sun^s centre at the time of mid-transit 
by several photographs taken during a brief interval including that 
epoch. 

The best available station for die purpose, in a geometrical 
sense, would be Bouvet Isle, south and somewhat west of Cape 
Town. But Gape Town would be an excellent station ; and I cannot 
but express a hope that the necessary photographic appliances for 
this method will be provided there, in addition to those which can 
be fiivourably applied at that station for indicating the whole pro- 
gress of the latter half of the transit. As our excellent late Secretary, 
Mr. Stone, is in command there, we may be sure that the fullest 
and most satis&ctory use would be made of any appliances so pro- 
vided. 

iVom the Momthly Hfotkea of the Jstronomioal Society fbr June 1878« 
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ON THE SOUTHERN REGION IN WHICH RECON- 
NAISSANCE SHOULD HAVE BEEN MADE 
BETWEEN 1869 AND 1874, TO FIND WHAT 
STATIONS J IF ANT, ARE CONVENIENT AND 
SUITABLE FOR OBSERVING THE TRANSIT OF 
VENUS IN 1874. 

To complete the prooeases of charting which I have thotight it 
desirable and necessary to undertake in connexion with the transit 
of 1874, 1 now present in Plate XXIL a chart of the regions where 
the duration of the transit will be considerably shortened. It will 
be obsenred that the map includes every point on the Earth's sur&ce 
where the duration of the transit will be less than the mean duration 
by eight minutes, the Sun not being less than ten d^ees high 
both at ingress and egress (internal contacts). 

It will be peroeiyed from the chart that Macdonald, or Heard 
Island (the only new observing station suggested in response to the 
advice of the Greenwich Board of Visitation), although well placed, 
is somewhat too near to Keiguelen Island to have favourable inde- 
pendent prospects of good weather. In other words, the occupation 
of this island will be useful, as increasing the number of Southern 
Halleyan stations and the value of the Southern observations as a 
whole, supposing weather to be favourable ; but it is not a station 
which adds greatly to the probability of success, so &r as success 
depends on conditions of weather. 

I cannot conclude the statement of my views respecting the 
approaching transit without renewing my expression of regret that 
the transit of 1874 should not have been correctly viewed from the 
beginning by the persons responsible for England's action in astro- 
nomical matters. We do not know precisely what would have 
happened in that case, though we can infer from what was (mis- 
takenly) suggested as proper for the transit of 1882, that a certain 
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cotiTse would hare been pnnued which could not but have reflected 
credit on this country, both as respects scientific zeal and the spirit 
of enterprise. That an unfortunate mistake, admitted too late, 
should have led to such an anomalous state of tilings that British 
official astronomy, as well as British nautical authority, find it 
necessary to make little of opportunities whose importance they 
once fully and publicly recognised (in a precisely corresponding 
case), is assuredly most grievously to be regretted. To the earnest 
student of science it must also be a cause of serious regret that 
such opportunities should be wasted. But while as an Englishman 
and as a student of science I must needs share in these regrets, yet 
in a * personal sense I have every reason to be satisfied. Whatever 
juatificaUon my researches and appeals may have seemed to require 
has been afforded by the unanimous vote of the leading British 
astronomers assembled at the Oreentnch Board of Visitation. Those 
astronomers, doubtless^ feel, as I have long felt, that it is here- 
after, and not perhaps till many years hence, that final judgment will 
be formed on the matters which have been under discussion. 
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Volume. 

Felix Mendelssohn's Letters firom 

Italy and Switzerland, and Letters from 
1833 to 1847, translated by Lady Wallace. 
With Portrait 2 vols, crown 8vo. be. each. 

Musical Criticism and Biography, 

from the Publislied and Unpublished Writ- 
ings of Thomas Damant Eatox, late Presi- 
dent of the Norwich Choral Society. Selected 
and edited by his So3?s. Crown 
7«. 6rf. 
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Xiives of the Queens of England. 

By Agnes Strickuikd. Litraiy Edition, 
newly revised; with Portraits of every 
Qaeen, Autographs, and Vignettes. 8 vols, 
post 8vo. 7«. Sd. each. 

Apologia pro Vita Sua ; being a His- 
tory of his Religious Opinions. By Johx 
Henry Newman, D.D. of the Oratory of 
St. Philip Neri. New Edition. Post 8vo. 
price 6«. 

Memoirs of Sir Henry Havelock, 

K.C.B. By John Clark MARsmtiAN. 
People's Edition, with Portrait Crown 8vo. 
price 8s. 6dL 



The Bise of Great Pamilies, other 

Essays and Stories. By Sir Bernard 
Burke, C.B., LL.D. Ulster King-of-Arms 
Crown 8vo. price 12«. 6rf. 

Vicissitudes of Families. By Sir 

J. Bernard Burke, C.B. Ulster King-of- 
Arms. New Edition, remodelled and en- 
larged. 2 vols, crown 8vo. 21s. 

Maunder's Biographical Trea- 
sury. Thirteenth Edition, reconstructed and 
partly re-written, with above 1,000 additional 
Memoirs, by W. L. R. Cates. Fcp. 8vo.6«. 



Criticiamy Philosophy^ Polity ^ <^c. 



On Bepresentative Govemment. 

By John Stuart Mili^ Third Edition. 
8vo. 9s. crown 8vo. 2s. 

On Liberty. By John Stuart Mill. 
Fourth Edition. Post 8vo. 7s. Orf. Crown 
8vo. Is. 4<i. 

Principles of Political Economy. 

By John Stuart Mill. Seventh Edition. 

2 vols. 8vo. 30«. or in 1 voL crown 8vo. 5s. 

Utilitarianism. By John Stuart 
Mill. 4th Edit. 8vo. 5s. 

Dissertations and Discussions. By 

John Stuart Mill. Second Edition. 

3 vols. 8vo. price d6s. 

Examination of Sir William 

Hamilton's Philosophy, and of the principal 
Philosophical Questions discussed in his 
"Writings. By John Stuart Mill. 
Fourth Edition. 8vo. 16s. 

The Subjection of Women. By 

John Stuart Mill. New Edition. Post 
8vo. 5s. 

Analysis of the Phenomena of 

the Human Mind. By James Mill. A 
New Edition, with Notes, Illustrative and 
Critical, by Alexander Bain, Andrew 
Fivdlater, and George Grote. Edited, 
with additional Notes, by John Stuart 
Mill. 2 vols. 8vo. price 28s. 

Principles of Economical Philo- 
sophy.^ By H. D. MACLEOD, M.A. Barriater- 
a4~Law. Second Edition, in Two Volumes. 
Vol. I. 8vo. price 15«. 

A Dictionary of Political Econo- 

nomy ; Biographical, Bibliographical, His- 
torical, and PracticaL By H. D. Macleod* 
M.A. Vol. I. royal 8yo. 80s. 

A Systematic View of the Science 

of Jurisprudence. By Sheldon Amos, 
M.A. Professor of Jurisprudence to the 
Inns of Court, London. 8to. price 18«. 



The Institutes of Justinian; with 

English Introduction, Translation, and 
Notes. By T. C. Sandars, M A. Barrister- 
at-Law. New Edition. 8vo. 15s, 

Lord Bacon's Works, collected 

and edited by R. L. Ellis, M.A. J. Sped- 
DiNO, M.A. and D. D. Heath. New 
and Cheaper Edition. 7 vols. 8vo. price 
£8. Idt. ed. 

A System of Logic, Batiocinative 

and Inductive. By John Stuart Mill. 
Eighth Edition. 2 vols. 8vo. 25s. 

The Ethics of Aristotle ; with Essays 

and Notes. By Sir A. Grant, Bart. M.A. 
LL.D. Third Edition, revised and partly 
re-written. [/n the press. 

The Nicomachean Ethics of Aris- 
totle. Newly translated into English. By 
R. Williams, B.A. Fellow and late Lec- 
turer Merton College, Oxford. 8vo. 12». 

Bacon's Essays, with Annotations. 

By R. Whately, D.D. late Archbishop of 
Dublin. New Edition. 8vo. 10s. 6c/. 

Elements of Logic, By B. Whatblt, 

D.D. kite Archbishop of Dublin. New 
Edition. 8vo. 10s. 6d, crown 8vo. 4s. CJ. 

Elements of Bhetor ic. By the sam 

Author. New Edijjon. 8vo. 10s. 6d. Crown 
8vo. 4s. Bd, 

English Synonymes. By E. Jaxe 

Whately. Edited by Archbp. Whately 
6th Edition. Fcp. 3s. 

An Outline of the Necessary 

Laws of Thought : a Treatise on Pure and 
Applied Logic. By the Most Rev. W. 
Thomson, D.D. Archbbhop of York. Ninth 
Thousand. Crown 8vo. 5t. 6d. 
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Causality ; or, the Philosophy of Law 
Investigated. By George Jamikson, B.D. 
of GUI Macbar. Second Edition, greatly 
enlarged. ) vo. price 12t. 

Speeches of the Bight Hon« Lord 

M ACA u LAY, corrected by Himself. People's 
Edition, crown 8vo. 8«. Qd. 

Lord Maoanlay's Si>eeche6 on 

Parliamentary Reform in 1881 and 1882. 
16mo. price One Shilling. 

A Dictionary of the ySnglish 

Language. By R. G. Latham, M.A. M.D. 
F.R.S. Founded on the Dictionary of Dr. S* 
Johnson, as edited by the Rev. U. J. Todd, 
with numerous Emendations and Additions. 
4 vob. 4to. price £7. 

Thesaurus of English Words and 

Phrases, classified and arranged so as to 
facilitate the exprcsnon of Ideas, and assist 
in Literary Compo.<ition. By P. M. Rooet, 
M.D. New Edition. Crown 8vo. 10s. 6d. 

Three C enturies of English Lie- 

raturc. By Charles Duke Yonob, Regius 
Professor of Modem History and English 
Literature in Queen's College, Belfast 
Crown 8vo. 7*. 6rf. 

Lectures on the Science of Lan- 
guage. By F. Max M'o'llek, M.A. &c. 
Foreign Member of the Frendi Institute. 
Sixth Edition. 2 vols, crown 8vo. price 16«. 

Southey's Doctor, complete in One 
Volume, edited by the Rev. J. W. Wabter, 
B.D. Square crown 8vo. 12s. 6d, 

Manual of English Literature, 

Historical and Critical with a Chapter on 
English Metres. By Thosl/is Ahi^old, M Jk.. 
New Edition. Crown 8vo. 7«. 6rf. 

A Dictionary of Roman and 

Greek Antiquities. With about 2,000 
Engravings on Wood, from Ancient Origi- 
nals, illustrative of the Industrial Arts and 
Social Life of the Greeks and Romans. By 
Anthony Ricir, B.A., sometime of Caius 
College, Cambridge. Third Edition, revised 
and improved. Cro??n 8vo. price 7s. 6d. 

A Sanskrit-English Dictionary. 

The Sanskrit words printed both in the 
original Devanagari and in Roman letters ; 
with References to the Best Editions of 
Sanskrit Authors, and with Etymologies 
and comparisons of Cognate Words chiefly 
in Greek, Latin, Gothic, and Anglo-Saxon. 
Compiled by T. Benfet. 8vo. 52s. 6dL 

A Latin-English Dictionary. By 

JoHir T. Write, D.D. Oxon. and J. £. 
Riddle, UJ^., Oxon. Third Edidon, re- 
. vised. 2 vols. 4to. pp. 2,128, price 42s. 



White's College Latin-Snglish 

Dictionary (Intermediate Size), abridged 
from the Pannt Work for the use of Uni- 
yersity Students. Medium 8vo. pp. 1,048, 
price 18s. 

White's Junior Student's G<Mn- 

pleie Latin-English and Engliah-lAtin 
Dictiooaiy. Revised Edition. ^Square 
12mo. pp. 1,058, price 12s. 

Separately /E»oiJ8h-Latw. 6.. M. 
*^ "^ t Latin-English, 7#. 6rf. 

An English-Greek Lexicon, con- 
taining all the Greek Words used by Writen 
of good authority. By C. D. Yoxgb, B-A.. 

New Edition. 4to. 21«. 

Hr. Yonge's New Lexioon, En- 
glish and Greek, abridged from his larger 
work (as above). Square 12mo. 8«. 6dL 

A Ghreek-English Lexicon. Com- 
piled by H. G. LiDDELL, D.D. Dean of 
Christ ChunA, and R. Scott, D.D. Dean 
of Rochester. Sixth Edition. Crown 4to. 
price SSs. 

A Lexicon, Greek and TSnglish, 

abridged for Schools from Liddell and 
Soott'8 Greek-Englith Lexicon, Fourteenth 
Edition. Square 12mo. 7<. 6</. 

The Mastery of Languages ; or, 

the Art of Speaking Foreign Tongues 
Idiomatically. By Tuobias Pbendsrgast, 
late of the Civil Service at Madras. Second 
Edition. 8vo. 6f. 

A Practical Dictionary of the 

French and English Languages. By Pro- 
fessor LioN CoNTANSEAU, many y^ais 
French Examiner for Military and Civil 
Appointments, &c. New Edition, carefolly 
revised. Post 8vo. 10«. G</. 

Gontanseau's Pocket Dictionary, 

French and English, abridged fh>m the 
Practical Dictionary, by the Author. Xew 
Edition. 18mo. price 84. 6cL 

New Practical Dictionary of the 

German Language; German-English, and 
English-German. By the Rev. W. L. 
Blacklet, M.A. and Dr. Carl Mabtut 
Fbiedlander. Post 8vo. 7<. 6<i 

Historical and Critical Commen- 
tary on the Old Testament; with a New 
Translation. By M. M. Kat.t«ch, PbJ) 
VdL I. G«nefu, 8vo. 18s. or adapted for the 
General Reader, 12s. YoL II. ExxKhu^ 15t 
or adapted for the General Reader, 12t. 
Vol III. LfvittevMf Part 1, 15s. or adapted 
for the General Reader, 8s. YoL lY. Z^eti- 
tictu, Hart II. 16s. or adapted for the 
General Reader, 8s. 



NEW WORBLS PUBLISHED BY LONGMANS and CO. 



Miscellaneous Works and Popular Metaphysics. 



An Introduotion to Mental Pfai- 

losopbj, on the Indactive Method. B7 
J. D. MoBKLii, M.A. LL.D. 8vo. 12s. 

Elements of Psychology, contain- 
ing the Analysis of the InteUectnal Powers. 
By J. D. MoRELL, LL.D. Post 8vo. 7«. 6dL 

Becreations of a Country Parson. 

By A. K. H. B. Two Series. 8». 6J. each. 

Seaside Musings on Sundays and 

Weekdays. By A. K. H. B. Crown 8yo. 
price d«. Sd, 

Present-Day Thoughts. By A. K. 

H. B. Crown 8vo. Bs. 6<2. 

Changed Aspects of ITnohanged 

Troths ; Memorials of St. Andrews Sanda3r8. 
By A. K. H. B. Crown 8vo. 3«. 6d. 

Counsel and Comfort from a City 

Pulpit. By A. K. H. B Crown 8vo. 8*. 6rf. 

Lessons of MiddleAge, with some 

Account of various Cities and Men. 
By A. K. H. B. Crown 8vo. 8«. 6rf. 

Leisure Hours in Town; Essays 

Coosolatoiyy iEsthetical, Moral, Social, and 

Domestic. By A. K. II. B. Crotvn 8vo. 
Ss.Gd. 

Sunday Afternoons at the Parish 

Church of a Scottish University City. 
By A. K. H. B. Crown 8vo. 3«, 6dL 

The Commonplace Philosopher 

in Town and Country. By A^ K. H. B. 
3s. 6d, 

The Autumn Holidays of a 

Country Parson. By A. K. H. B. Crown 
8vo. 38. ed. 

Critical Essays of a Country 

Parson. By A. K. H. B. Crown 8vo. S$. 6d. 

The Graver Thoughts of a County 

Parson. By A. K. H. B. Two Series, 
St. 6<1 each. 

Miscellaneous and Posthumous 

Works of the late Henry Thomas Buckle. 
Edited, with a Biographical Notice, by 
Helen Taylor. 3 vols. 8vo. price 2/. 12s. 6d. 

In the Mominglandy or tho Law 

of the Origin and Transformation of Chris- 
tianity ; Travel and Discussion in the East 
with the late Henry Thomas Buckle. By 
JoHK S. Stuart-Glenwie, M. a. Post 8vo. 

[In May. 

Short Studies on Great Subjects. 

By Jambs Anthont Fboude, M.A. late 
Fellow of Exeter College, Oxford. 2 vols, 
crown 8vo. price 12«. 



Miscellaneous Writings of John 

Conington, M.A. late Corpus Professor of 
Latin in the Universitv of Oxford. Edited 
by J. A. Symoxds, M.A. With a Memoir 
by H. J. S. Smith, M.A. LL.D. F.R.S. 2 
vols. 8vo. price 28s. 

The Bey. Sydney Smith's Mis- 

ccHaneous Works. Crown 8vo. price (is. 

The Wit and Wisdom of the Bev. 

Sydney Smith; a Selection of the most 
memorable Passages in his Writings and 
Conversation. Croivn 8vo. 3f. 6(2. 

The Edipse of Faith ; or, a Visit to a 

Religious Sceptic. By Henry Rogers. 
Twelfth Edition. Fcp. 8vo. 5s. 

Defence of the Eclipse of Faith. 

By Henry Rogers. TUrd Edition. Fcp. 
8vo. price Ss. 6d. 

Lord Macaulay's Miscellaneous 

Writings : — 

Library Edition, 2 vols. 8vo. Portrait, 2U, 
Peofle's Edition, 1 voL crown 8vo. is. 6d. 

Lord Macatday's Miscellaneous 

Writings and Speeches. Student's Edition, 
in One Volume, crown 8vo. price 6s, 

The Election of BepresentativeSi 

Parliamentary and Municipal ; a Treatise. 
By Thomas HarEj B&rrister-at-Law. 
Fourth Edition, adapting the proposed Law 
to the Ballot, with Appendices on the Pre- 
ferential and the Cumulative Vote. Post 
8vo. price 7s. 

Chips from a German Workshop ; 

being Essays on the Science of Religion, 
and on Mythology^ Traditions, and Customs. 
By F. Max Mitller, M.A. ^c. Foreign 
Member of the French Institute. 3 vols. 
8vo. £2. 

A Budget of Paradoxes. By 

Augustus De Moro.vn, F.RA.S. and 
C.P.S. of Trinity CoUege, Cambridge. Re- 
printed, with the Author's Additions, from 
the Athenavm. 8vo. price lbs. 

The Secret of Hegel: being the 

Hegelian System in Origin, Principle, Form, 
and Matter. By James Hutchison Ster^ 
lino, LL.D. Edin. 2 vols. 8vo. 285. 

Lectures on the Philosophy of 

Law. Together with Whewell and Hegel, 
and Hegel and Mr. W. R. Smith ; a Vindi 
cation in a Physico-Mathematical Regard 
BrJ.n. Stirling, LL.D. Edin. 8vo,price6« 
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Heat a Mode of Motion. By Johk 

Tthdall, LL.D. F.R.a . Fourth Edition. 
Crown 8to. with Woodcuts, price lOt. M, 

SotUld ; a Conne of Eight Lectures de- 
livered at the Royal Institution of Great 
Britain. By JoHir Ttiydall, LL.D. F.R.a 
New Edition, with Portrait and Woodcuts. 
Crown 8vo. 9«. 

Besearcbes on Diamagnetism 

and Magne-Crystallic Action ; including 
the Question of Diamagnetic Polarity. By 
JoH^f Ttndall, LL.D. F.R.S. With 6 
Plates and many Woodcuts. 8vo. 14s. 

Frinoiples of Animal Mechanics. 

By the Rev. Samukl Haughton, F.R.S. 
M.D. Devlin, D.C.L. Oxon. Fellow of 
Trinity College, Dublin. 8vo. price 21t. 

Lectures on Inght, Delivered in 

America in 1872 and 1873. By Johk 
Ttwdall, LL.D., F.R S. Professor of Natu- 
ral Philosophy in the Royal Insitution of 
Great Britain. [Jn the ptets, 

TSfotGB of a CSourse of Nine Lec- 
tures on Light, delivered at the Royal 
Institution, a.d. 1869. By J. Tyttdall, 
LL.D. F.R.S. Crown 870. U, sewed, or 
U, 6d. cloth. 

Notes of a Oonrse of Seven Lec- 
tures on Electrical Phenomena and Theories, 
delivered at the Royal Institution, a.d. 1870. 
By JoHX Ttwdall, LL.D. F.R.S. Crown 
8vo. U, sewed, or It, Sd, cloth. 

Light Science for Leisure Hours; 

a Series of Familiar Essays on Scientific 
Subjects, Natural Phenomena, &c. By 
R. A. Proctor, B.A. Second Edition, re- 
vised. Crown 8vo. price 7«. 6rf. 

Iiight: itB Influence on life and Health. 
By Forbes Wdyslow, M.D. D.C.L. Oxon. 
(Hon.) Fcp. 8vo. 6j. 

Professor Owen's Lectures on 

the Comparative Anatomy and Physiology 
of the Invertebrate Ajiimals. Second 
Edition, with 286 Woodcuts. 8vo. 21«. 

The Comparative Anatomy and 

Physiology of the Vertebrate Animals. By 
Richard Owex, F.R.S. D.C.L. With 
1,472 Woodcuts. 8 vols. 8vo. £8 18<. 6d, 

Eirby and Si>enoe's Introduction 

to Entomolegy, or Elements of the Natural 
History of Insects. Crown 8vo. 5«. 

Strange Dwellings; a D^beription 

of the Habitations of Animals, abridged 
from * Homes without Hands.' By J. G. 
Wood, M.A. F.L.S. With a New Frontis- 
piece and about 60 other Woodcut Illus- 
trations. Crown 8vo. price 7«. 6rf. 



Homes witlioat Hands; a Desec;. 

tion of the Etabitations of A»iiw>«i» dMaih 
according to their Principle of Constrncta. 
By Rev. J. G. Wood, MJL. FX-S. Wdi 
about 140 Vignettes on Wood. Svo. 2k 

The Harmonies of iratnre and 

Unity of Creation. By Dr. 6. Hartw^ 
8vo. with numerous DlustrationB, 18s. 

The Aerial World, By Dr. Geosse 

Hartwio, Author of *The Sea and h 

Living Wonders,' «Thc Polar World,' &i 

8vo. with numerous Illustrations. 

[^Intkeprta. 

The Sea and its Living VTonden. 

By the same Author. Third Edition, e- 
larged. 8vo. with many Blustrations, SU 

The Tropical World; a FopuU? 

Scientific Account of the Natural Hlstorr 
of the Equatorial Regions. By the sa:^ 
Author. New Edition, with about 20'> 
Blustrations. 8to. price 10s. 6dL 

The Subterranean World. By th; 

same Author. With 3 Maps and about % 
Woodcut Illustrations^ including 8 fuU diie 
of page. 8vo. price 21j. 

The Polar World: a Popular DQacrip> 
tion of Man and Nature in the Arctic tsd 
Antarctic Regions of the Globe. By t^ 
same Author. With 8 Ommasiylo^si^ 
3 Maps, and 85 Woodcuts. 8vo. 21s. 

A Familiar History of Birda. 

By E. Stanley, D.D. late Lord Bishop d 
Norwich. Fcp. with Woodcuts, Ss. 6d. 

Insects at Home; a Popular A> 

count of British Insects, their Stnictni«r 
Habits, and Transformationa. By i^ 
Rev. J. G. Wood, M.A. F.LA Wltfc 
upwards of 700 Illustrations engraved ts 
Wood. 8vo. price 21#. 

Insects Abroad ; being a Popukr 
Account of Foreign Insects, their Structure, 
Habits, and Transformations. Bj J. G. 
Wood, M.A. F.L.S. Author of ' Hom^ 
without Hands' drc. In One Volumft, 
printed and illustrated uniformly with 
* Insects at Home,' to which it will form a 
Sequel and Ck)mpamon. [/a the press. 

The Frimitiye Inhabitants of 

Scanduiavia. Containing a DescriptioB :^ 
the Implements, Dwellings, T<»nlM, ssd 
Mode of Living of the Savages in the Xoitii 
of Europe during the Stone Age. By Sna 
KiLSSON. 8vo. Plates and Woodcats, 19s. 

The Origin of Civilisatioxiy and 

the Primitive Ck^ndition of Man ; Mentii 
and Social Condition of Savages. By Si 
John Lubbock, Bart. M J*. F.R.S. Seessd 
Edition, with 25 Woodcuts. 8yo. 1 6f. 
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An Szpofiition of FaUaoies in the 

Hypothesis of Mr. Darwin. By C. R. Bree, 
M.D. F.Z.S. With 86 Woodcuts. Crown 
8to. price lit. 

The Ancient Stone Implements, 

Weapons, and Ornaments, of Great Britain. 
By John Evans, F.R.S. F.S.A. 8to. with 
2 Plates and 476 Woodcuts, price 289. 

Mankind, their Origin and Des- 
tiny. By an M.A. of Balliol College, 
Oxford. Containing a New Translation of 
the First Three Chapters of Genesis; a 
Critical Examination of the First Two 
Gospels ; an Explanation of the Apocaljrpse ; 
and the Origin and Secret Meaning of the 
Mythological and Mystical Teaching of the 
Andents. With 31 Illu&trations. 8vo. 
price SU, Sd. 

Sible ATi-imftlfi ; a Description of every 
Living Creature mentioned in the Scrip- 
tures, from the Ape to the CoraL By 
the Rev. J. G. Wood, M.A. F.L.a With 
about 100 Vignettes on Wood. 8vo. 2U. 

Maimder's Treasury of Natural 

History, or Popular Dictionary of Zoology. 
Revised and corrected Edition. Fcp. 8vo. 
with 900 Woodcuts, price Ss, 

The Elements of Botany fbr 

Families and Schools. Tenth Edition, re* 
vised by Thomas Moosb, FX.S. Fcp. 
with 164 Woodcuts, 2$, 6d. 

The Treasury of Botany, or 

Popular Dictionary of the Vegetable King, 
dom ; with which is incorporated a Gles- 
aary of Botanical Terms. Edited by 
J. LiNDLET, F.R.S. and T. Moore, F.L.a 
Pp. 1,274^ with 274 Woodcuts and 20 Steel 
Plates. Two Parts, fcp. 8vo. 12«. 

The Rose Amateur's Guide. By 

Thomas Rtvbrs. The Tenth Edition, 
revised and improved. Fcp. 8vo. price 4s. 



A Dictionary of Soience, latera 

ture, and ArL Fourth Edition, re-edited 
by the Ute W. T. Brands (the Author) 
and Georob W. Cox, M.A. 8 vols, medium 
8vo. price 6d«. doth. 

Maunder^s Scientiflo and Lite- 

raiy Treasury ; a Popular Ency clopsedia of 
Science, Literature, and Art. New Edition, 
in part rewritten, with above 1,000 new 
articles, by J. T. JoHNsbN. Fcp. 65. 

IiOudon'sEnoyolopsBdia of Plants ; 

comprising the Specific Character, Descrip- 
tion, Culture, History, &c. of all the Plants 
found in Great Britain. With upwards of 
12,000 Woodcuts. 8vo. 42«. 

Handbook of Hardy Trees^ 

Shrubs, and Herbaceous Plants ; containing 
Descriptions, Native Countries, &c. of a 
selection of the Best Species in Cultivation ; 
together with Cultural Details, Compara- 
tive Hardiness, suitability for particular 
positions, &c. Based on the .French Work 
of Messrs. Decaisnb and Naudin, intitled 
* Manuel de TAmateur des Jardins,' and 
including 720 Woodcut Illustrations by 
RiocreuxandLeblanc ByW.B.HEMSLET, 
formerly Assistant at the Herbarium of the 
Royal Gardens, Kew. Medium 8vo. 21«. 

A General System of Descriptive 

and Analytical Botany : I. Organography, 
Anatomy, and Physiology of Plants ; II. 
Iconography, or the Description and His- 
tory of Natural Families. Translated from 
the French of E. Le Maout, M.D. and J. 
Decaisnb, Member of the Institute, by Mrs. 
Hooker. Edited and arranged according to 
the Botanical System adopted in the Uni- 
versities and Sdiools of Great Britain, by 
J. D. Hooker, M.D. &c. Director of the 
Royal Botanic Garden^ Kew. With b,600 
Woodcuts firom Designs by L. Stenheil and 
A. Riocreux. Medium 8vo. price 52*. 6d. 



Chemistry^ Medicine, Surgery, and the Allied Sciences. 



A Dictionary of Chemistry and 

the Allied Branches of other Sciences. By 
Hbnbt Watts, F.CS. assisted by eminent 
Scientific and Practical Chemists. 5 vols, 
medium 8vo. price £7 8«. 

Supplement^ Completing the Record 
of Discovery to the end of 1869. 8vo. 
31«.6<2. 

Contributions to ! Molecular 

Physics in the domain of Radiant Heat; 
a Series of Men^oirs published in the 
PhUosophical Tnmsactions, &c. By John 
Tyhdall* LL.D. F.R.S. With 2 Plates 
and 81 Woodcuts. 8vo. price I69. 



Elements of Chemistry, Theore- 
tical and PracticaL By William A 
Miller, M.D. LL.D. Professor of Chemis- 
try, King's College, London. New Edition. 
3 vols. 8vo. i8. 

Part L CnsancAL Physics, 16#. 

Part II. Inoroai^ic Chemistry, 21#. 

Part III. Organic Chemistry* 24#. 

A Course of Practical Chemistry » 

for the use of Medical Students. By 
W. Odlino, M.B. F.R.S. New Edition, will 
70 new Woodcuts. Crown 8vo. It. Gd, 
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A Manual of Chemicikl Physio- 
logy, including its Points of Contact with 
Pathology. By J . L. W. Thudichum, M.D, 
8vo. with Woodcuts, price 7#. 6rf. 

Select Methods in Chemical 

Analysis, chiefly Inorganic. By William 
Crookes, F.R.S. With 22 Woodcuts. 
Crown 8vo. price 12m. 6</. 

Chenncal Notes for the Lecture 

Room. By Thomas Wood, F.CS. ' 2 vols, 
crown 8vo. I. on Heat, &c. price 5«. 
TI. on the Metals, price 5«. 

The Handbookfor Midwives. By 

Henry Fly Smith, B.A. M.B. Oxon. 
M.R.C.S. Eng. late Assistant-Surgeon at 
the Hospital for Women, Soho Square. 
With 41 Woodcuts. Crown 8vo. price bs. 

The Diagnosis, Pathology, and 

Treatment of Diseases of Women ; including 
the Diagnosis of Pregnancy. By Graily 
Hewitt, M.D. &c. Third Edition, revised 
and for the most part re-written ; with 132 
Woodcuts. 8vo. 24m, 

laeotores on the Diseases of In- 
fancy and Childhood. By Charles West, 
M.D. &c. Fifth Edition. 8vo. 16«. 

On Some Disorders of the Ner- 
vous System in Childhood. Being the 
Lumleion Lectures delivered before the 
Royal College of Physidans in March 1871 
By Charles West, M.D. Crown 8vo, 6m 

On Chronic Bronchitis, especially 

as connected with Gout, Emphysema, and 
Diseases of the Heart. By £. Headlam 
Geeenhow, M.D. F.R.S. Physician to 
and Lecturer on the Principles and Practice 
of Medicine at the Middlesex Hospital. 8vo. 
price 7m. Qd. 

On the Surgical Treatment of 

Children's Diseases. By T. Holmes, MA. 
&c late Surgeon to the Hospital for Sick 
Children. Second EdiUon, with 9 Plates 
and 112 Woodcuts. 8vo. 21m. 

Lectures on the Principles and 

Practice of Physic. By Sir Thomas Wat- 
son, Bart. M.D. Physician-in-Ordinary to 
the Queen. Fifth Edition, thoroughly re- 
vised. 2 vols. 8vo. price 86«. 

Iiectores on Surgical Pathology. 

By Sir James Paget, BarL F.R.S. Third 
Edition, revised and re-edited by the Author 
and Professor W. Tfrner, M.B. 8vo. with 
181 Woodcuts, 21«. 



Cooper's Dictionary of Practical 

Surgery and Encydopsedia of Surgical 
Science. New Edition, brought down to 
the present time. By S. A. Lane, Surgeon to 
St. Mary's Hospital, &c. assisted by various 
Eminent Suigeons. 2 vols. 8vo. price 
26s. each. 

Pulmonary Consumption; its 

Nature, Varieties, and Treatment : with an 
Analysis of One Thousand Cases to exem- 
plify' its Duration. By C. J. B. Williams, 
M.D. F.R.S. and C. T. Williams, MJV. 
M.D. Oxon. Post 8vo. price 10m. Sd. 

The Climate of the South of 

France as suited to Invalids ; with Notices 
of Mediterranean and other Winter Stations. 
By C. T. Williams, M.D. Physician to the 
Hospital for Consumption at Brompton. 
Second Edition, with an Appendix on 
Alpine Summer Quarters and the Mountain 
Cure, and a Map. Crown 8vc. price 6*. 

Anatomy, Descriptiye and Sur- 
gical By Henby Gray, F.R.S. With 
about 410 Woodcuts from Dissections. Sixth 
Edition, by T. Holmes, MJl. Cantab. With 
a New Introduction by the Editor. Boyal 
8vo. 289. 



The House I Liye in ; or. Popular 

Illustrations of the Structure and Functions 
of the Human Body. Edited by T. 6. Gibtin. 
New Edition, with 25 Woodcuts. 16mo. 
price 2m. 6dL 

Quain's Elements of Anatomy. 

Seventh Edition [1867]. Edited by W. 
Sharpey, M.Dt F.R,S. Professor of Anatomy 
and Physiology in University College, Lon- 
don ; Allen Thomas, M.D. F.R.S. Pro- 
fessor of Anatomy in the University of 
Glasgow : and J. Cleland, M.D. Professor 
of Anatomy in Queen's College, Galway. 
With upwards of 800 Engravings on Wood. 
2 vols. 8vo. price BU. 6d. 

The Science and Art of Surgery ; 

being a Treatise on Suigical Injuries, 
Diseases, /md Operations. By John Ebic 
Erichben, Senior Surgeon to University 
College Hospital, and Holme Professor of 
Clinical Surgery in University College, 
London. A New Edition, being the Sixth, 
revised and enlarged ; with 712 Woodcnts. 
2 vols. 8vo. price S2m. 

A System of Surgery , Theoretical 

and Practical, in Treatises by Various 
Authors. Edited by T. Holmes, MA. &c. 
Surgeon and Lecturer on Surgery at St 
George's Hospital, and Surgeon-in-Ghief to 
the Metropolitan Police. Second Edition, 
thoroughly revised, with numerous Illus- 
trations. 5 vols. 8vo. £5 6m, 
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A Treatise on the Continued 

Fevers of Great Britain. By Charles 
MuRCHTSON, M.D. New Edition, revised. 

[_Nearfy ready. 

Clinical Leotnres on Difleasea of 

the Liver, Jaundice, and Abdominal Dropsy. 
By CiLVRLES MuRCHisoir, M.D. Physician 
to the Middlesex Hospital Post 8vo. with 
25 Woodcuts, 10«. 6d. 

Ck>pland's Dictionary of Practical 

Medicine, abridged from the larger work, 
and throoghont brought down to the pre- 
sent state of Medical Sdenoe. 8vo. BGs. 

Outlines of Fhysiology, Human 

and Comparative. By John Marshall, 
F.R.CS. Surgeon to the University College 
HojpitaL 2 vols, crown 8vo. with 122 
Woodcats, 82*. 



Dr. Pereira's Elements of Materia 

Medica and Therapeutics, abridged and 
adapted for the use of Medical and Phar- 
maceutical Practitioners and Students. 
Edited by Professor Bektley, F.L.S. &c. 
and by Dr. Redwood, F.C.S. &c. With 
125 Woodcut Illustrations. 8vo. price 25^. 

The Essentials of Materia Medica 

and Therapeutics. By Alfred Baring 
Garrod, M.D. F.R.S. &c. Physician to 
King's College HospiUl. Third Edition, 
Sixth Impression, brought up to 1870. 
Crown 8vo. price 12«. 6d. 

Todd and Bowman's Physio- 
logical Anatomy and Physiology of Man. 
With numerous Illustrations. Vol. II. 8vo. 
price 25t. 

Vol. I. New Edition by Dr. Lionel S. 
Beale, F.R.S. in course of publication, 
with numerous Illustrations. Parts I. 
and II. price 7$. 6d, each. 



The Fine Arts, and Elustrated Editions. 



Grotesque Animals, invented, 

described, and portrayed by E. W. Cooke, 
R. A. F.R.a F.GS. Fi.S. in 24 Plates, with 
Elucidatory Conunents. Royal 4to. 21«. 

In Fairyland ; Fictures from the Elf- 

World. By Richard Dotle. With a 
PoembyW.AixiNOHAsc. With 16 coloured 
Plates, containing 86 Designs. Folio, 8U. Bd, 

Albert Dnrer, his Idfb and 

Works; including Autobiographical Papers 
and Complete Catalogues. By Williau 
B. Scott. With Six Etchings by the 
Author and other Illustrations. 8vo. 16t. 

Half-Honr Lectures on the His- 

toiy and Practice of the Fine and Omnr 
mental Arts. By. W. B. Scott. Second 
Edition. Crown 8vo. with 50 Woodcut 
ninstrations, 8c. 6dL 

The Chorale Book for England: 

the Hymns Translated by Miss C. Wink- 
worth; the Tunes arranged by Prof. W. 
S. BcMNBTT and Otto Goldschmidt. 
Fcp. 4to. 12«. Gd, 

The New Testament, illustrated with 

Wood Engravings after the Early Masters, 
chiefly of the Italian School Crown 4to. 
634. cloth, gilt top ; or £5 6t. morooeo. 

The Ufe of Man Symbolised by 

the Months of the Year in their Seasons 
and Phases. Text selected by Richard 
PiooT. 26 Illustrations on Wood from 
Original Designs by John Lbiohton, 
F.S.A. Quarto, 42t. 



Cats and Fttrlia's Moral Em- 
blems ; with Aphorisms, Adages, and Pro- 
verbs of aU Nations : comprising 121 Illus- 
trations on Wood by J. Leiohtox, F.S.A. 
with an appropriate Text by R. Piqot. 
Imperial 8vo. Bit, Bd, 

Saored and Legendary Art. By 

Mrs. Jamesox. 6 vols, square crown 8vo. 
price £5 15«. Sd, as follows : — 

Legends of the Saints and Mar- 
tyrs. New Edition, with 19 Etchings and 
187 Woodcuts. 2 vols, price 3U. Bd. 

Legends of the Monastic Orders. 

New Edition, with 11 Etchings and 88 
Woodcuts. 1 voL price 21«. 

Legends of the Madonna. New 

Edition, with 27 Etchings and 165 Wood- 
cuts. 1 vol. price 21t. 

The History of Our Lord, T^ith 

that of His Types add Precursors. Com- 
pleted by Lady Eastlakb. Revised Edi- 
tion, with 18 Etchings and 281 Woodcuts. 
2 vols, price 42s. 

Lyra Germanioa, the Christian Year. 
Translated by Catherine Winkworth, 
with 125 Illustrations on Wood drawn by 
J. Leiohton, F.S.A. Quarto, 21«. 

L3!Ta Gtormanica, the Christian Life. 
Translated by Catherine Winkworth; 
with about 200 Woodcut Illustrations by 
J. Leiohton, F.S.A, and other Artists. 
Quarto, 21s. 
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The Useful Arts^ Manufactures^ ^c. 



Ghdlt'8 Enoyolopttdia of Arobi- 

tecture, with above 1,600 Woodcuts. Fifth 
Edition, with Alterations and considerable 
Additions, by Wtatt Papworth. 8vo. 
price 52<. ^d, 

A Manual of Architeotare : being 

a Concise History and Explanation of the 
principal Styles of European Architecture, 
Ancient, Medieval, and Benaissance ; with 
their Chief Variations and a Glossary of 
Technical Terms. By Thomas Mitchbll. 
With 160 Woodcuts. Crown 8to. 10». 6««. 

History of the Gothio Beyival; 

an Attempt to shew how far the taste for 
MediffiTsl Architecture was retained in 
England during the last two centuriesi and 
has been re-developed in the present. By 
C. L. Eastlake, Architect. With 48 
JUustratioBS (36 iViU size of pftge). Im- 
perial 8vo. price 81t. 6dl 

Hints on HonsehoLcL Taste in 

Furniture, Upholstery, and other Details. 
By Charles L. Eastlakb, Architect. 
New Edition, with about 90 Illustratioos. 
Square crown 8vo. 14<. 

Oeometrio Turning: oomprising 

a Description of the New Geometric Chuck 
constructed by Mr. Plant of Birmingham, 
with Directions for its use, and a Series of 
Patterns cut by it; with Explanations of 
the mode of producing them, and an 
Account of a New Process of Deep Cutting 
and of Graving on Copper. By H. S. 
Savory. With 671 Woodcut Illustrations. 
Square crown 8vo. price 21#. 

Lathes and Taming, Simple, Me- 
chanical, and Ornamental. ByW. Hexry 
NoRTHCXxn. With about 240 Illustrations 
on Steel and Wood. 8vo. 18». 

Perspective ; or. the Ait of Drawing 
what one Sees. Explained and adapted to 
the use of those Sketching fVom Nature, By 
Lieut. W. H. CoixiNB, R.E. F.R.A.S. With 
87 Woodcuts. Crown 8vo. price 6«. 

Principles of Mechanism, designed 

for the use of Students in the Universities, 
and for Engineering Students generally. 
By R. Wiixis, M.A. F.R.S. 4c. Jacksonian 
Professor in the Univ. of Cambridge. Second 
Edition ; with 874 Woodcuts. 8v6^. 18». 

Handbook of Practical Tele- 
graphy. By R. S. CuLLEY, Memb. Inst. 
C.E. Engineer-in-Chief of Telegraphs to 
the Post-Office. Fifth Edition, revised and 
enlarged ; with 118 Woodcuts and^9 Plates. 
8vo. price 14«. 



lire's Diotkmary of Arts, ICaim- 

factures, and Mines. Sixth Edition, re- 
written and greatly enlarged by Robsbt 
HuHi^ FJI.S. assisted by numefflfOB Coo- 
tribntors. With 2,000 Woodcuts. 3 vok 
medium 8vo. £4 14j. 6<f. 

Encyclopedia of Civil Engineer- 
ing, Historical, Theoretical, and Practice 
By E. Cresy, C.E. With above 3,000 
Woodcuts. 8vo. 42«. 

CateobiBm of the Steam Engjne, 

in its various Applications to Mines, Mills, 
Steam Navigation, Railways, and Agricul- 
ture. By John Bourns, CJL Kew^Edi- 
tion, witli 89 Woodcuts. Fcp. 8vo. 6c. 

Handbook of the Steam En^^e. 

By John Boumnc, C.E. forming a Kst to 
the Author's Catechism of the Steam Engine. 
With 67 Woodcuts. Fcp. 8vo. price 9a. 

Becent Improvements in the 

Steam Engine. By John Bourne, CE. 
New Edition, including many New Ex* 
amples, with 124 Woodcuts. Fcp. 8vo. 6». 

A Treatise on the Steam Engine, 

in its various Applications to Mines, Mills, 
Steam Navigation, Railways^ and Agii- 
cnltnre. By J. Boubnx, CE. New Edition; 
with Portrait, 87 Plates, and 546 Woodcuts. 
4to. 42s. 

Treatise on MiUs and Millwork. 

By Sir W. FAraBAHtN, Bart. F.R.& New 
Edition, with 18 Plates and d» Woodcuts. 
2 vols. 8vo. 82s. 

ITseftil Information^ for Engi- 
neers. By the same Author. Fikst, Second, 
and Third Series, with many Plates and 
Woodcuts. 8 vols, crown 8vo. 10s. 6c2!. eacL 

The Application of Cast and 

Wrought Iron to Building Purposes. By 
the same Author. Fourth Edition, with 6 
Plates and 118 Woodcuts. 8vo. 16«. 

The Strains in Trusses Computed 

hy means of Diagrams ; with SCT'Ezamples 
drawn to Scale. By F. A. Ras^kek, M.A. 
CE. Lecturer at the Hartley Institation, 
Southampton. With 85 Diagrams. Square 
crown 8vo. price 6«. 6dL 

Mitchell's Manual of Fraotioal 

Assaying. New Edition, being the Fourth, 
thoroughly revised, with the recent 1^ 
ooveries incorporated. By W. Cbookes, 
F.R.S. With numerous Woodcuts. 8vo. 

{^Nearly ready. 
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Bayldon*8 Art of Valuing Benta 

and Tfllages, and Claims of Tenants npon 
Qoitting Farms, both at Michaelmas and 
Lady-Day. Eighth Edition, revised by 
J. C. Morton. 8vo. 10«. 6d, 

On the ManuflGKrtnire of Beet- 
Root Sugar in England and Ireland. By 
William Crookes, F.R.S. With 11 Wood- 
cuts. 8vo. 8«. 6d. 

Iiondon's Enoyolopaedia of Qbx- 

dening: comprising the Theory and Practice 
of Horticulture, Floriculture, Arfooriculturei 
and Landscape Gardening. With 1,000 
Woodcuts. 8vo. 21<. 



Fraotioal Treatise on Metalltirgy, 

adapted from the last German Edition of 
Professor Kerl's Metallurgy by W. 
Crookbs, F.R.S. &c and E. Ri)HRio, 
Ph.D. M.E. 3 vols. 8vo. with 625 Wood- 
cuts, price 4/. 19«. 

London's EnoyclopsBdia of Agri- 
culture: comprising the Laying-out, Im- 
provement, and Management of Landed 
Property, and the Cultivation and Economy 
of the I^oductions of Agriculture. Witib 
1,100 Woodcuts. 8vo. 2U 



Religious and Moral Works. 



The Speaker's Bible Commen- 
tary, by Bishops and other Clergy of the 
Anglican Chuich, critically examined by 
the Right Rev. J. W. Colenso, D.D. Bishop 
of KataL 8vo. Part I, Genetit, 8s. 6<i. 
Part II. Exodw^ 4<. 6d. Part III. Levi- 
tieusf 2s. Sd. Part IV. Nwnben, ds. Bd. 
Part V. Deuteronomy, 6t, 

The Outlines of the Christian 

Ministry Delineated, and bronght to the 
Test of Reason, Holy Scripture, Histoiy, 
and Experience. By Christopher Words- 
worth, D.C.L. &c. Bishop of St. Andrew's. 
Crown 8vo. price 7m. 6<f. 

Christian Counsels, selected from. 

the Devotional Works of F^ndon, Arch- 
bishop of Cambrai. ^ Translated by A. M. 
James. Crown 8vo'. price 5t. 

Eight Essays on Ecclesiastioal 

Reform. By various Writers; with Pre- 
face and Analysis of the Essays. Edited 
by the Rev. Orbt Shipley, M.A. Crown 
8vo. 10<. Bd, 

Authority and Consoienoe ; a Free 

Debate on the Tendency of Dogmatic 
Theology and on the Characteristics of 
Faith. Edited by Conwat Morel. Post 
8vo. 7«. Bd. 

Beasons of Faith ; or, the Order of the 
Christian Argument Developed and Ex- 
plained. By the Rev. G. S. Drew, M.A. 
Second Edition, revised and enlarged. Fcp. 
8vo. Bs. 

Christ the Consoler; a Book of Com- 
fort for the Sick. With a Preface by the 
Right Rev. the Lord Bishop of Carlisle. 
Small 8vo. B*. 

The True Dootrine of the Eucha- 
rist. By Thomas S. L. Yooan, D.D. 
Canon and Prebendary of Chichester and 
Rural Dean. vo. 18f. 



The Student's Compendium of 

the Book of Common Prayer ; being Notes- 
Historical and Explanatory of the Lituigy 
of the Church of England. By the Rer. H. 
Allden Nash. Fcp. 8vo. price 2s. Bd, 

Synonyms of the Old Testament, 

their Bearing on Christian Faith and Prac- 
tice. By the Rev. Robert B. Girdle- 
stone, M JL 8vo. price 15<. 

Fundamentals; or, Bases of Belief 
concerning Man and God : a Handboo]i( of 
Mental, Moral, and Religious Philosophy. 
By the Rev. T. Griffith, MJL. 8vo. 
price 10s. Bd, 

Anintroduotion to the Theology 

of the Church of England, in an Exposition 
of the Thirty-nine Articles. By the Rer. 
T. P. BouLTBEE, LL.D. Fcp. 8vo. price 6t. 

Christian Sacerdotalism, viewed 

from a Layman's standpoint or tried by 
Holy Scripture and the Early Fathers; 
with a short Sketch of the State of the 
Church from the end of the Third to the 
Reformation in the beginning of the Six- 
teenth Century. By John Jardinb, MJV.. 
LL.D. 8vo. 89. Bd. 

Prayers for the Family and for 

Private Use, selected Arom the Collection 
of the late Baron Bunsen', and Trans- 
lated by Catherine Wikkwobth. Fcp. 
Svo. price 8s. Bd, 

Churches and their Creeds. By 

the Rev. Sir Philip Perrino, Bart, late 
Scholar of Trin. Coll. Cambridge, and 
University Medallist. Crown 8vo. 10«. 

The Problem of the World and 

the Church Reconsidered, in Three Letters 
to a Friend. By a Septuaoenarian. 
Second Edition, revised and editedj by 
James Booth, C.B. Crown 8to. price 5«. 
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An Expoaition of the 80 ArticleB, 

Historical and Doctrinal. By £. Harold 
Browne, D.D. Lord Bishop of Ely. Ninth 
Edition. 8vo. IBs, 

The Voyage and Shipwreck of 

St. Paul; with Dissertations on the Ships 
and Na'snjj^ation of the Ancients. By James 
Smith, F.R.S. Crown 8vo. Charts, lOt. 6<f. 

The Life and Epistles of St. 

Paol. By the Rev. W. J. Coxtbeare, 
M.A. and the Very Rev. J. S. Howsox, 
P.D. Dean of Chester. Three Editions :— 

Library Eninox, with all the Orip^nal 
lUustniions, Maps, Landscapes on Steel, 
Woodcttts, Ace. 2 vols. 4to. iSs. 

IirrBBMBDiATB EDITION, with a Selection 
of Mapi, PUtca, and Woodcats. 2 vols, 
•qnm crown 9ro. 21s. 

SroDBirr'a Edition, revised and con- 
densed, with 46 niBstrations and Maps. 1 
vol. crown 8vo. 9«. 

Evidence of the Truth of the 

Christian Religion derived from the Literal 
Fulfilment of Prophecy. By Alexander 
KErrH, D.D. lOth Edition, with numerous 
Plates, in square 8vo. 12«. 6^.; also the 
89th Edition, in poet 8vo. with 5 Plates, 6$, 

The History and Destiny of the 

World and of the Church, according to 
Scripture. By the same Author. Square 8 vo. 
with 40 Illustrations, 10s. 

Th9 History and Literature of 

the Israelites, according to the Old Testa- 
ment and the Apocr}i>ha. By C. De 
Rothschild and A. De Rothsgiald. 
Second Edition. 2 vols, croivn 8vo. 12«. 6<L 
Abridged Edition, in 1 vol. fcp. 8vo. 8s, Sd, 

Ewald's History of Israel to the 

Death of Moses. Translated from the Ger- 
man. Edited, with a Preface and an Ap- 
pendix, by Russell Martineau, M.A. 
Second Edition. 2 vols. 8vo. 24s. Vols. III. 
and IV. edited by J. £. Carpenter, M.A. 
price 21«. 

England and Christeudom. By 

Archbishop Manning, D.D. Post 8vo. 
price 10s 6d. 

Ignatius Loyola and the Early 

Jesuits. By Stewart Rose New Edition, 
revised. 8vo. with Portrait, 16s. 

An Introduction to the Study of 

the New Testament, Critical, Exegetical, 
and Theological. By the Rev. S. Davidson, 
D.D. LL.D. 2 -vols. 8vo. 80s. 



Commentary on the Epistle to 

the Romans. By the Rev. W .A. 0*Connor, 
B.A. Crown 8vo. price 3s. 6<f. 

The Epistle to the Hebrews; 

With Analytical Introduction and NotesL 
By the Rev.* W. A . O'Connor, B.A. Crown 
8vo. price 4s. 6d, 

A Critical and Grammatical Com- 
mentary on St. Paul's Episdos. By C J. 
Ellicott, D.D. Lord Bishop of Gloaoester 
and BristoL 8vo. 

OalatUas, Fourth Edition, 8s. (kL 
EphealanB, Fourth Edition, it.9d. 
Pastoral XSplstles, Fourth Edition, lOt. 8ci. 
Fhillppiana, ColossiazLS. and Philemon, 
Third Edition, 10s. Gd. 

Thesaalonlana, Third Edition. 7s. 6d. 

Historical Lectures on the liife of 

Our Lord Jesus Christ : being the Hulsean 
Lectures for 1859. By C. J. Ellicott, D J>. 
Fifth Edition. 8vo. 12s. 

TheQreek Testament; withlToteB, 

Grammatical and EzegeticaL By the Rev. 
W. Webster, M.A. and the Rev. W. F. 
Wilkinson, M.A. 2 vols. 8vo. £2. 4s. 

The Treasury of Bible Know- 
ledge ; being a Dictionary of the Books, 
Persons, Places, Events, and other Matters 
of which mention is made in Holy Scrip- 
ture. By Rev. J. Ayre, MA. With 
Maps, 15 Plates, and numerous Woodcuts. 
F^. 8vo. price 6«. 

Every-day Scripture Difficulties 

explained and illustrated. By J. £. Pre^ 
COTT, M.A. I. Matthew and Mark ; II. LvJa 
and Jokn. 2 vols. 8vo. price 9s. each. 

The Pentateuch and Book of 

Joshua Critically Examined. By the Right 
Rev. J. W. CoLENSo, D.D. Lord Bishop of 
Natal. Crown 8vo. price 6s. 

Part Y. Genesis Analysed and Separated, 
and the Ages of its Writers determined 
8vo. 18s. 

Part VI. The Later Legislation of the 
Pentateuch. 8vo. 24*. 

The Formation of Christendom. 

By T. W. Allies. Parts I. and II. 8vo. 
price 12s. each. 

Four Discourses of Chrysostom, 

chiefly on the parable of the Rich Man and 
Lazarus. Translated by F. Allen, B.A. 
Crown 8vo. 3«. 6d. 

Thoughts for the Age. Bt ELizABzrrH 

M. Sewell, Author of *Amy Herbert.* 
New Edition. Fcp. 8vo. price 5s, 

Passing Thoughts on Heligion, 

By Miss Sewell. Fcp. 8s. 6<2. 
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Self-examination before Confirm- 

ation. By Mias Sewell. 32mo. It. 6d. 

Thoughts for the Holy Week, for 

Young Persons. By Miss Sewelu New 
Edition. Fcp. 8vo. 2«. 

Headings for a Month Prepara- 
tory to ConfirmatioD, from Writers of the 
Early and English Church. By Miss 
Sewell. Fcp. 8vo. 4m. 

Readings for Every Day in Lent, 

compiled froin the Writings of Biahop 
Jeremy Taylok. By Miss Sewell. 
Fcp. 6«. 

Preparation for the Holy Com- 
munion; the Devotions chiefly from the 
works of Jeremy Taylor. By Miss 
Sewell. d2mo. 3<. 

Bishop Jeremy Taylor's Entire 

Works; with Life by Bishop Hbber. 
Revised and corrected by the Rev. C. P 
Sdbn. 10 vols. 8vo. price £6. 5«. 



Traditions and Customs of Cathe" 

drals. By Mackenzie E. C. Walcott, 
B.D. F.S.A. Pnecentor and Prebendary of 
Chichester. Second Edition, revised and 
enlai^ed. Crown 8vo. price 69. 

Spiritual Songs for the Sundays 

and Holidays throughout the Year. Bj 
J. S. B. MoNSELL, LL.D. Vicar of Egham 
and Rural Dean. Fourth Edition, Sixth 
Thousand. Fcp. price 4c. Gd. 

Iiyra Germanioa, translated from the 
GenxuLB by Miss C. Winkworth. Fzaar 
Series, the Chritiian Year, Hymns for the 
Sundays and Chief Festivals of the Church ; 
Seoond Series, the Christian Life, Fcp. 
8vo. price 8«. 6J. each Series. 

Endeavours after the Christian 

Life ; Discourses. By James Martoeau. 
Fourth Edition. Post 8vo. price 7«. Gd. 



Travels^ VoyageSy <^c. 



HambleSy by Patbicius Walker. Re- 
printed from Fraser's Magazine \ with a 
Vignette of the Queen's Bower, in the New 
Forest. Crown 8vo. price 10s. G<f. 

Slave-Catehing in the Indian 

Ocean; a Record of Naval Experiences. 
By Capt Cot^omb, R.N. 8vo. with Illustra- 
tions from Photographs, &e. price 2i«. 

The Cruise of H.M.S. Curagoa 

among the South Sea Islands in 1865. By 
Julius Brenchley, M.A. F.R.G.S. 8vo. 
with Map and Plates. [Nearly ready. 

Six Months in California. By J.O. 

Playeb-Frowd. Post 8vo. price 6#. 

The Japanese in America. By 

Charles Lanman, American Secretary, 
Japanese Legation, Washington, U.S.A. 
Post 8vo. price 10«. Gc/. 

My Wife and I in Queensland ; 

Eight Years' Experience in the Colony, 
with some account of Polynesian Labour. 
By Charles H. Eden. With Map and 
Frontispiece. Crown 8vo. price 9«. 

Untrodden Peaks and ITnfire- 

quented Valleys; a Midsummer Ramble 
among the Dolomites. By Asielia B. 
Edwards, Author of * Barbara's History' 
I &c With a Map, and numerous Illustra- 
tions fVom Designs by the Author; En- 
graved on Wood by E. Whymper. Medium 
8vo. uniform with Whymper's * Scrambles 
in the Alps.' {Nearly ready. 



How to See Norway. By Captain 

J. R. CA3IPBELL. With Map and 5 Wood^ 
cuts. Fcp. 8vo. price hu 

Pau and the Pyrenees. By Count 

Hehry Russell, Member of the Alpine 
Club. With 2 Maps. Fcp. 8vo. price 5«. 

Hours of Exercise in the Alps. 

By John Tykdall, LL.D., F.R.S. Thii-d 
Edition, with Seven Woodcuts by E. Whym- 
per. Crown 8vo. price VU. 6d. 

Cadore or Titian's Country. By 

JosiAH Gilbert, one of the Authors of the 
< Dolomite Mountains.' With Map, Fac- 
simile, and 40 Illustrations. Imp.8vo.dl».6<f. 

The Dolomite Mountains. Excur- 
sions through Tyrol, Carinthia, Camiola, 
and Friull. By J. Gilbert and G. C. 
Churchill, F.R.G.S. With numerous 
Illustrations. Square crown 8vo. 2U, 

Travels in the Central Caucasus 

and Bashan, including Visits to Ararat and 
Tabreez and Ascents of Kazbek and Elbruz. 
By Douglas W. Fresufield. Square 
crown 8vo. with Maps, &c., 18s. 

Iiife in India; a Series of Sketches 
shewing something of the Anglo-Indian, the 
Land he lives in, and the People among 
whom he lives. By Edward Braddox. 
Post 8vo. price 9«. 

c 
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The Alpine Club Mapoftha Chain 

of Mont Blanc, from an actual Survey in 
1863 — 1864. By A. Adams - I^exlly, 
F.R.G.S. M.A.C. In CluomoUthography on 
extra stout drawing paper 28in. x 17in. 
price 10«. or mounted on canvaa in a folding 
caae, 12s. 6d. 

History of Discovery in our 

Aostralaaan Colonies, Aastndia, Tasmania, 
and New Zealand, ftt>m the Earliest Date to 
the Present Day. By William Howitt. 
2 vols. 8vo. with 8 Maps, 20<. 

Visits to Bemarkable Places: 

Old Halls, Battle-Fidds, and Scenes illus- 
trative of striking Passages in English 
History and Poetry. By the same Author. 
2 vols, square crown 8vo, with Wood En- 
gravings, 259. 

The Biiral Idfb of EnglancL 

By William Howitt. Woodcuts by 
Bewick and Williams. Medium 8vo. 12t. Sd, 



Guide to the Pyrenees, for the nsa 

of Mountaineers. By Chables Packe. 
Second Edition, with Maps, &c. anJ Appec- 
dix. Crown 8vo. 7». Gd. 

The Alpine Gnide. By Johk Bah. 

M.R.I.A. late President of the Alpine Club. 
Post 8vo. with Maps and other HlnstratioBii. 

The Guide to the Eastern Alps, 

price 105. bd. *^ 

The Guide to the Western Alps, 

including Mont Blanc, Monte Rosa, Zer- 
matt, &c. Price 6«. 6d. 

Guide to the Central Alps, includ- 
ing all the Oberland District, pnce 7». 6d. 

Introduction onAlpine Travelling 

in general, and on the Geology of the Alps, 
prioe It. Either of the Three Tolmnes or 
Parts of the Alpine Guide maybe had with 
this larTBODucriON prefixed, price It. extra. 



Works of Fiction. 



The Burgomaster's Family; or, 

Weal and Woe in a Little World. By 
Christine MUller. Translated from the 
Dutch by Sir J. Shaw Lefevre, K.C.B. 
F.R.S. Crown 8vo. price Gs. 

Popular Bomances of the Middle 

Ages. By the Rev. George W. Cox, M. A. 
and Eustace Hintox Jones. Crown 8vo. 
10«. Gd. 

Tales of the Teutonic Lands; a 

Sequel to * Popular Romances of tlie Middle 
Ages.' By George W. Cox, M.A, and 
Eustace Hintox Jones. Crown 8vo. 
price 10«. Gd. 

Novels and Tales. By the Bight 

Hon. Benjamin Disraeli, M.P. Cabinet 
Editions, complete in Ten Volumes, crown 
8vo. price 6». each, as follows : — 



LOTHAIR, 6*. 
CONINOSBY, 6*. 

Stbtl, Gs. 
Tancred, 6t. 



Venetia, 6«. 

Alrot, Ixion, &c. 6«. 

YouHo Duke, &c. Gs. 

Vivian Orbt, Gs. 
CoNTARiNi Fleming, Ac, Gs. 
Henrietta Templs, Gs. 

Cabinet Edition, in crown 8vo. of 

Stories and Tales by Miss Sr^'ell : — 



Amy Herbert, 2s. Gd. 
Gertrude, 2«. Gd, 
Earl's Daughter, 

2s. Gd. 
Experience of Life, 

2s: Gd. 
Cleve Hall, 2s, GdJ 
Ivors, 2s. GcL i 



Katharine Ashton, 
2s, Gd. 

Margaret Perci- 
VAL, 8s. Gd. 

Laneton Parson- 
age, Si. Gd, 

Ursula, Ss, Gd, 



Booker's Oallus ; or, Bomaa Seenes of 
the Time of Augustus. Post 8vo. 7s, Gd. 

Becker's Charioles : Hlnstradre of 

Private Life of the Ancient Gredcs. Post 
8vo. 7s. Gd. 

Tales of Ancient Greece. By the Hot. 

G. W. Cox, M.A. late SchoUr of Trin. CoH. 
Oxford. Crown 8vo. price 6*. Gd, 

WonderAil Stories from Norway, 

Sweden, and Iceland. Adapted and arranged 
by Julia Goddard. With an IntxDductocy 
Essay by the Rev. G. W. Cox, M JL and 
Six Illustrations. Square post 8vo. Gs. 

The Modem Novelist's Idbrary: 

Melville's Digby Grand, 2s. boards; 
2s. Gd. cloth. 

Gladiators, 2«. boards ; 2s. Gd, 

cloth. 

' Good for Nothinc, 2*. boards; 

28. Gd. cloth. 

Hol&iby House, 2s, boards; 



2s. Gd. cloth. 

Interpreter, 2«. boards; 2s, Gd, 

Kate Cotentry, 2s. boards; 



cloth. 



2s. Gd. cloth. 

Queen's Maries, 2*. boards; 

2s. Gd. cloth. 

General Bounce, 2*. boards 



2s. Gd. cloth. 
Trollope's Warden Is, Gd. boards; 2« 
doth. 

BARCHE8TERTo^'ERS,2s.boaids; 

2s. Gd. doth. 

Bramley-Moore's Six Sisters op the 
Valleys, 2s. boards; 2s. Gd. doth. 
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Poetry and The Drama. 



Ballads and Lyrics of Old France; 

with other Poems. By A. Lano, Fellow of 
Merton College, Oxford. Square fcp. 8vo. 
price 5». 

Moore's Lalla Bookh, Tenniers Edi- 
tion, with 68 Wood Engraviiigs from 
Original Drawings. Fcp. 4to. 21». 

Moore's Irish Melodies, Madise's 

Edition, with 161 Steel Plates from Original 
Drawingsb Super-royal 8vo. 31*. 6d. 

Miniature Edition of Moore's 

Irish Melodies, with Maclise's Illustrations 
(as above), reduced in Lithography. Imp. 
16mo. lOs. 6d, 

Iiays of Ancient Borne ; with Ivry 

and the Armada, By the Right Ilon. Lord 
Macaulay. 16mo. 3«. Gd 

Iiord Macaulay 's Lays of Ancient 

Rome. With 90 Illustrations on Wood, 
Original and from the Antique, from 
Drawings by G. Sciluif. Fcp. 4to. 21«. 

Miniature Edition of Lord Ma- 

caulay's Lays of Ancient Rome, with 
Scharf 8 Illustrations (as above) reduced in 
Lithography. Imp. 16mo. 10«. 6rf. 

Southey's Poetical Works, with 

the Author's last Corrections and Copyright 
Additions. Library Edition. Medium 8vOb 
with Portrait and Vignette, lis. 



Goldsmith's Poetical Works, XUus- 

trated with Wood Engravings from Designs 
by Members of the Etchixq Club. Imp. 
16mo. 7«. M. 

Poems. By Jeak Ingelow. 2 vols. 
Fcp. 8vo. price 10*. 

First Series, containing « Divided, 
*The Star's Monument,' &c. Six-' 
teenth Thousand. Fcp. 8vo. price 6». 

Seco>'d Series, *A Story of Doom,* 
< Gladys and her Islakd,' &c. Fifth 
Thousand. Fcp. 8vo. price 6». 

Poems by Jean Ingelow, Pipst 

Series, with nearly 100 Illustrations en- 
graved on Wood. Fcp. 4to. 21*. 

Bowdler's Family Shakspeare 

cheaper Genuine Edition, complete in 1 vol. 
large type, with S6 Woodcut lUustrations, 
price 14». or in 6 pocket vols. 3*. 6d. each. 

Horatii Opera, Library Edition, with 
Copious English Notes, Marginal References 
and Various Readings. Edited by the Rev. 
J. E. YoNOE, M.A. 8vo. 21a. 

The Odes and Epodes of Horace ; 

a Metrical Translation into English, with 
Introduction and Commentaries. By Lord. 
Lytton. Post 8vo. price 10«. 6dl 

The iEneid of Virgil Translated into 
English Verse. By the late J. Conikoton, 
M.A. Kew Edition. Crown Svo. 9t. 



Rural Sports ^c. 



EnoyolopsBdia of Rural Sports ; 

a Complete Account, Historical, Practical, 
and Descriptive, of Hunting, Shooting, 
Pishing, Racing, &c. By D. P. Blainb. 
With above 600 Woodcuts (20 from Designs 
by John Leech). Svo. 21*. 

The Dead Shot, or Sportsman's Com- 
plete Guide ; a Treatise on the Use of the 
Gun, Dog-breaking, Pigeon-shootmg, &c. 
By Marksmax. Fcp. 8vo. with Plates, 5«. 

A Book on Angling: being a Com- 
plete Treatise on the Art of Angling in 
every branch, including full Illustrated 
Lists of Salmon Flies. By Francis Francis. 
New Edition, with Portrait and 15 other 
Plates, plain and coloured. Post Svo. 15«. 

Wiloooks's Sea-Fisherman: com- 
prising the Chief Methods of Hook and Line 
Fishing in the British and other Seas, a 
l^anoe at Nets, and remarks on Boats and 
Boating. Second Edition, enlarged, with 
SO Woodcuts. Post Svo. 12«. 6<f. 



The Fly- Fisher's Entomology. 

By Alfbed Ronalds. With coloured 
Representations of the Natural and Artifi- 
cial Insect Sixth Edition, with 20 coloured 
Phites. Svo. 14<. 

The OXf his Diseases and theif Treat- 
ment ; with an Essay on Parturition in the 
Cow. By J. R. DonaoN, M.R.C.V.S. Crown 
8vo. with Illustrations, Is, Qd. 

A Treatise on Horse-shoetng and 

Lameness. By Joseph Gaaigee, Veteri- 
nary Surgeon, formerly Lecturer on the 
Principles and Practice of Farriery in tho 
New Veterinary College, Edinburgh. Svo. 
with 55 Woodcuts, 15«. 

Blaine's Veterinary Art : a Treatise 

on the Anatomy, Physiology, and Curative 
Treatment of the Diseases of the Horse^ 
Neat Cattle, and Sheep. Seventh Edition, 
revised and enlarged by C. Steel. Svo. 
with Plates and Woodcuts, IBs. 
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Youatt on the Horse* Bevised and 

enlarged by W. Watson, M.R.C.V.S. 8vo. 
with numeroQS Woodcuts, 12s. 6d, 

Youatt on the Dog. By the same 
Author. 8yo. with numerous Woodcuts 
price 6«. 

Horses and Stables. By Colonel 

F. FxTZWYORAM, XY. the King's Hussars. 
With 24 Plates of Woodcut Illustrations, 
containing very numerous Figures. 8vo. lbs. 

The Dog in Health and Disease. 

By Stonbhexoe. With 78 Wood En- 
graTings. New Edition, revised. Square 
crown 870. price 7«. 6dL 

The Greyhound. By the same Author. 
Kevised Edition, with 24 Portraits of Grey- 
hounds. Square crown 8vo. lOt. Qd 



Stables and Stable Fittings. By 

W.MiLES,E8q. Imp. 8vo. with 13 Plates, 15*. 

The Horse's Foot, and how to keep 

it Sound. By W. Miles, Esq. Ninth Edi- 
tion, with Illustrations. Imp. 8vo. I2s. $d. 

A Plain Treatise on Horse-shoe- 
ing. By the same Author. Sixth Edition, 
post 8vo. with Illustrations, 2s, 6d, 

Bemarks on Horses' Teeth, ad- 
dressed to Purchasers. By the same. Post 
8ro. Is. 6cf. 

The Setter ; with Notices of the most 
Eminent Breeds now extant. Instructions 
how to Breed, Rear, and Break; Dog 
Shows, Field Trials, and General Mana£;e- 
ment, &c By Edward Laverack. With 
2 Portraits of Setters. Crown 4to. 7s. 6<f. 



Works of Utility and General Information. 



Chess Openings. By P. W. Longman, 
Balliol CoU^e, Oxford. Fcp. 8to. 2«. 6(1 

The Theory of the Modem Soien- 

tiiic Game of Whist By Willi A2I 
Pole, F.R.S. Mus. Doc. Oxon. Fifth 
Edition, enlarged. Fcp. 8vo. price 2«. 6(2. 

A Fraotioal Treatise on Brewing ; 

with FormuliB for Public Brewers, and In- 
structions for Private Families. By W 
Black. Fifth Edition. 8yo. 10«. 6c2.. 

The Theory and Praotice of 

Banking. By Henry Dunning Macutod, 
M.A« Bairister-at^Law. Second Edition, 
entirely remodelled. 2 vols. 8vo. 80«. 

Collieries and Colliers: a Handbook 

of the Law and Leading Cases relating 
thereto. By J. C. Fowler, Barrister. 
Third Edition. Fcp. 8vo. Is, 6rf. 

Modem Cookery for Private 

Families, reduced to a S^^stem of Easy 
Practice in a Series of carefully-tested Re- 
cdpts. By Eliza Acton. Newly revised 
and enlarged ; with 8 Plates, Figures, and 
160 Woodcuts. Fcp. 6«. 

Mannder's Treasury of Know- 
ledge and Library of Reference : comprising 
an English Dictionary and Grammar, Uni- 
versal Gazetteer, Classical Dictionary, 
Chronology, Law Dictionary, Synopsis of 
the Peerage, Usefbl Tables, Ac. Fcp. 8vo. 6«. 

Pewtner's Comprehensive Speci- 
fier; a Guide to the Practical Speciiication 
of eveiY kind of Building-Artificer's Work : 
with Forms of Building Conditions and 
Agreements, an Appendix, Foot-Notes, and 
Index. Edited by W. Young, Architect. 
Crown 8vo. 6«. 

Mcculloch's Dictionary, Prac- 
tical, Theoretical, and Historical, of Com- 
merce and Commercial Navigation. New 
Edition, revised throughout and corrected 
to the Present Time ; with a Biographical 
Notice of the Author. Edited by H. G. 
Reid. 8vo. price 6d«. 



Hints to Mothers on the Manage- 
ment of th^r Health during the Period of 
Pregnancy and in the Lving-in Room. By 
TuosLAS Bull, M.D. ]?cp. 8vo. price 5«. 

The Maternal Management of 

Children in Health and Disease. By Thosias 
Bull, M.D. Fcp. 8vo. price 5«. 

How to Nurse Sick Children: 

containing Directions which may be found 
of service to all who have charge of the 
Young. By Charles West, M.D. Second 
Edition* Fcp. 8vo. 1«. 6</ 

Notes on Iiying-In Institutions ; 

with a proposal for Organising an Institu- 
tion for Training Midwives and Midwifery 
Nurses. By Florence Nightingale. 
With 5 Plans. Square crown 8vo. 7s. 6d. 

Blackstone Economised; being a 

Compendium of the Laws of England to the 
Present Time. By D. M. Aird, of the Middle 
Temple, Barrister-at-Law. Post 8vo. 7s. 6d. 

The Cabinet Lawyer; a Popular 

Digest of the Laws of England, Civil, 
Criminal, and Constitutional, fwenty-third 
Edition, corrected and brought up to the 
Present Date, Fcp. 8vo. price 7s. 6d. 

A Profitable Book upon Domestic 

Law. Essays for English Women and Law 
Students. By Perkins, Junior, M~A.. 
Barrister-st-Law. Post 8vo. price lOt. 6d. 

A History and Explanation of 

the Stamp Duties ; containing Remarks on 
the Origin of the Stamp Duties and a Ili.i- 
tory of the Stamp Duties in this Country 
Irom their Commencement to the Present 
Time. By Stephen Dowell, M.A. Assis- 
tant-Solicitor of Inland Revenue. Svo. 
price 12s. 6d. 

WOliOh's Popular Tables for As- 
certaining the Value of Lifehold, Leasehold, 
and Church Propertv, Renewal Fines, &c, 
with numerous useful Chemical, Geograph- 
ical, Astronomical, Trigonometrical Tables, 
&c. Post 8vo. 10». 
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AcTO:r*8 Modern Cookery 20 

AiRD's Blackstone Economised 20 

Ajlxies on Formation of Cliristcndom 16 

AxLES's Discourses of Cbrysostom 10 

Alpine Guide (The) 18 

A MOS*8 Jurisprudence S 

Attdbbson's Strength of Materials 

A BiroLD'8 Manual of English Literature .. 6 

Authority and Conscience 16 

Autumn Holidays of a Country Parson .... 7 

A Yii£*a Treasury of Bible Knowledge 16 

Bacox'8 Essays by Whatelt S 

Life and Letters, by Speddi^to . . 4 

Works 5 

Bais*s Mental and Moral Science 8 

on the Senses and Intellect 8 

Baix'8 Guide to the Central Alps 18 

Guide to the Western Alps 18 

Guide to the Eastern Alps 18 

BatldoVs Bents and Tillages 15 

Bmck^&*b CfiarielsfXid OaUu* 18 

Bbnfet's Sanskrit-English Dictionary .... 6 

Black's Treatise on Brewing 20 

Blacki.et's German-English Dictionary .. 6 

BuLXiTE's Rural Sports 19 

■ Veterinar}' Art 19 

Bloxam's Metals 9 

BooTu's Problem of the World and the 

Church 15 

Saint-Simon.. H 

BouLTBSB on 89 Articles 15 

BousBB's Catechism of the Steam Engine. . 14 

Handbook of Steam Engine .... 14 

Treatise on the Steam Engine .... 14 

ImproTements in the same U 

Bo WDLBB'a Family Shaksfbabb 19 

Bbaddon'8 Life in India 17 

Brah LEY- MooBB'B Six Sistcrs of the Valley 18 
Bbandb's Dictionary of Science. Literature, 

and Art Ij 

Beat's 3Ianual of Anthropolo^r 8 

Philosophy of Necessity 8 

On Force 8 

Bbbb*s Fallacies of I)arwinl8m 11 

Bbb!cchl£t'8 Cruise of the ' Curasoa * . . . . 17 

Bbowxb'b Exposition of the 3 J Articles .... 16 

Bruxel's Li/iB of Bbuttel 4 

BrcELB's History of Civilisation 2 

■ Posthumous Bemains 7 

Bull's Hints to Mothers 20 

Maternal Management of Children . . 20 

Buir8B5'8 God in History 3 

Prayers 15 

Burgomaster's Family (The) 28 

Burke's Rise of Great Families 5 

"■ Vicissitudes of Families.... c 



Burton's Christian Church S 

Cabinet Lawyer.* 20 

Campbell's Norway 17 

Catbs's Biographical Dictionary 4 

and Woodward's Eneyclopaedia 2 

Cats and Farlie's Moral Emblems IS 

Changed Aspects of Unchanged Truths .... 7 

Chebsby's Indian Polity S 

Waterloo Campaign 2 

Chorale Book for England 13 

Christ the Consoler l.'» 

CLOUon's Lives finom Plutarch 2 

CoDRiNGTOX's (Admiral) Memoirs 4 

CoLEirso on Pentateuch and Book of Joshua 1 
Tho Speaker's Bible Commen- 
tary 15 

CoLLXirs's Perspective 11 

Coloxb's Slave Catching in the Indian 

Ocean 17 

Commonplace Philosopher In Town and 

Countiy. by A. K. H. B. « 7 

CoKUrGTOB'B Translation of Yirgil's iBneid lo 

Miscellaneous Writings .... 7 

CoBTAiTSBAU's Two French Dictionaries .. 6 
CovYBBABE and,How80N'sLife and Epistles 

ofSt.Paul 16 

CooBB's Grotesque Animals I'i 

Coopbb'8 Surgical Dictionary 12 

Coflabd'8 Dictionary of Practical Medicine 13 

CoTTOX's Memoir and Correspondence .... 4 

Counsel and Comfort from a Ciiy Pulpit . . 7 

Cox's (G. W.) Ai7au Mythology 3 

History of Greece 2 

Tale of the Great Persian Wsr 2 

Tales of A ncient Greece .... 18 

and Jones's Romances IS 

Teutonic Tales . . 18 

Creasy on British Conatituiion 2 

Cresy's Encyolopadia of Civil Engineering 14 

Critical Essays of a Country Parson 7 

Crookes on Beet-Boot Sufl;ar 15 

's Chemical Analysis 12 

Culley'b Handbook of Telegraphy 14 

CusAOK'B Student's History of Ireland .... 2 

DAViDSOB'i Introduction to New Testament 10 

Dead Shot (Tho), by M arksmak 1 1» 

De Gaisbb and Ls Maout's Botany .... 1 1 

Db Morgan's Paradoxes 7 

Dbvisob's Vioe-Regal Life » i 

DlBBABLi'B Lord George Bentinck 4 

Novels and Tales 13 

DoBS03r on the Ox 19 

Dove's Law of Storms 9 

DowiLL on Stamp Duties 20 

DoYLE'9 Fairyland la 

Dbbw's lU-asons of Faith 15 
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Eastulsb*! Gothic Revival U 

Hints on Household Taste .... 14 

Eatok'8 Musical Criticism and Biography 4 

Eden's Queensland 17 

£dwards'8 Rambles among the Dolomites 17 

Elements of Botany >•••• 11 

Eu.icoTT*8 Commcntarj on Ephesians .... 16 

■ Galatians .... 

Pastoral Epist. 

— ^— — ^— — ^ Philippians.&c 
■ ThcssaloiMana 



's Lectures on Life of Christ 



16 
16 
16 
16 
16 



GjLMQEB on Horse-Shoeing 

Qaso^b Elementary Physics 

— — Natural Philosophy 

Oabjiod*b Materia Medica 

Gilbsst's Cadore 

■ and CjruiicniLL*s Dolomites .... 

GtBDUEBToini's Bible Synonyms 

GlBTiir*8 House I Live In 

GlBDSTOlTB'fl Life of Whitefizij) 

GODDASD'b Wonderful Stories 

Goldsmith's Poems, Illustrated 

GooDETB*8 Meclian ism 

Gaahau's Autobiography of Miltok 

View of Literature and Art .... 

Gbaitt'b Ethics of Aristotle 

Graver Thoughts of a Country Parson 

Gray's Anatomy 

Gbxekhow on Bronchitis 

Gbiffim '8 Algebra and Trigonometry .... 

Gbiffith's Fundamentals 

Gboyb on Correlation of Physical Forces . . 
GuBiTBY's Chapters of French History .... 
GwiLT's Encyclopedia of Architecture .... 



10 

9 

13 

17 

17 

15 

12 

4 

18 

10 



4 

2 

6 

7 

12 

12 



15 



8 

14 



H ABE on Election of Representatives ...... 7 

Habtwig's Acriel World lO 

Harmonics of Nature 10 

PoUu" World 10 

— Sea and its Living Wonders .... 10 

■ Subterranean World 10 

Tropical World 10 

Hathbbtok'8 Memoir and Correspondenoe 2 

Hauohtok'b Animal Mcchanios 10 

Hatwabo'8 Biographical and Critical Essays 4 

Hbluholtz'8 ScientiQo Lectures 9 

Hxvblbt'8 Trees, Bhmbs, and Herbaceous 

Fanta 11 

Hxbschxl'b Outlines of Astronomy 8 



Ebichsev's Surgery 12 

EvAVB's Ancient Stone Implements 11 

ElTALD's Histoiy of Israel 16 ! 



FAiBBAisys Application of Cast and 

Wrought Iron to Building 14 

— — ^— Information for Engineers .... 14 

Treatise on Mills and MiUwork 14 

Fabasat'b Life nnd Lett<r8 4 

FiTzWTGBAX on Horses and Stables ...... 20 

FoifLBB's Collieries and Colliers 20 

Frabcib's Fishing Book 19 

Fbebhfibld'b Travels in the Caucasus .... 17 

Fboudb'8 English in Ireland l 

— — History of England 1 

Short Studies 7 



Hewitt on the Diseases of Women 12 

HoDOBO v'b Time and Space 8 

Theory of Practice 8 

Hollavd's Recollections 4 

Holmbb'b Surgical Treatment of Children . . 12 

System of Surgeiy 12 

Howitt'b Australian Discovery 18 

Rural Life of EngUnd IS 

Visits to Remarkable Places .... IS 

HCbtbb'b Pope Sixtus the Fifth 4 

Humboldt's Life 4 

Hume's Essays s 

Treatise on Human Nature. ....... 8 

Ih5B*8 History of Rome 3 

iBOBLOW's Poems 19 

Jameb's Christian Counsels 15 

Jamsbob'b Legends of Saints and Martyrs. . IS 

— — — Legends of the ]kladonna IS 

— — ^^ Legends of the Monastic Orders 18 

^'Legends of the Saviour 1$ 

Jamieson on Tausality 6 

Jabdine'b Christian Sacerdotalism 15 

JomrsTOH'B Geographical Dictionary ...... 9 

Kalisch'b Commentary on tho Bible 6 

Kbith onDestiny of the World 16 

Fulfihnent of Prophecy 16 

Ken roH'B (Lord) Life*' 4 

Kbbl'b Metallurgy, by Cbookxb and 

RftHBIO 15 

Kibbt and Bpbbcb'b Entomology 10 

Lavg'b Ballads and Lyrics 19 

Laitmav'b Japanese in America II 

Latham's English Dictionary 6 

Lauohtox'b Nautical Surveying' 9 

Lateback's Setters SO 

Lbckt'b History of European Morals 3 

Rationalism..... S 

lioaders of Public Opinion. 4 

Leisure Hours in Town, by A. K. H. B 7 

Lessons of Middle Age, by A. K. H. B. .... 7 

Lbwbb'b Biographical History of Philosophy S 

LiSDBLL A Scott'b Grock-English Lexicons 6 

Life of Man Symbolised 13 

LiVDLBT and Moobs'B Treasury of Botany 11 

LoBOMAB'B Edward the Third 2 

Lectures on History of England 1 

Chess Openings £0 

Loudob'b Encyclopedia of Agriculture .... 15 

Gardening 15 

PUnts 11 

Lubbock's Origin of Civilisation 10 

LTTiov'BOdes of Horace 19 

Lyra Germanica 13,17 

Macaulat's (Lord) Essays S 

History of England . • 1 

Lays of Ancient Rome 19 

Miseollaneona Writings 7 

Speeches 6 

Works 1 

MACLBOD'slPrinoiples of. Economical Philo- 
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